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The invention concerns a method for producing terpenes of 
interestin plants having glandular trichomes, as well as plants 
useful for producing said terpenes of interest. Said plants 
comprise a sequence encoding a heterologous terpene Syn 
thase under the control of a promoter enabling it to be spe 
cifically expressed in the trichomes. Moreover, the pathway 
for producing endogenous diterpenes is preferably blocked in 
the trichomes of the plants, to increase the flow in the heter 
ologous pathway. The secretion of heterologous terpenes is 
spontaneous resulting in easy collection. The present inven 
tion also concerns plants exhibiting a blocked production of a 
compound having antibiotic properties at the Surface of 
leaves exhibiting enhanced efficiency of transformation by a 
bacterium. 
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SYSTEM FOR PRODUCING TERPENOIDS IN 
PLANTS 

FIELD OF THE INVENTION 

0001. The invention relates to a method for producing 
compounds of interest in plants and to genetically modified 
plants prepared for use in said method. The invention also 
relates to genetically modified plants enabling an enhanced 
efficiency of transformation. 

INTRODUCTION 

0002 Trichomes are organs located at the surfaces of the 
aerial parts of higher plants (reviewed in Wagner et al., 2004). 
They take various forms and are classified into two main 
categories. The first includes hairs, or non-secreting tri 
chomes, unicellular or multicellular. They do not secrete sub 
stances to the exterior, or at least not in appreciable amounts. 
The second group comprises all trichomes described as 
secreting or glandular, which have an increased capacity to 
synthesize and secrete various Substances to the exterior. 
Several types of secreting trichomes are found in this cat 
egory. In particular these include the peltate trichomes, from 
the Lamiaceae family for example (mint, basil, lavender, 
thyme, etc.) and the glandular trichomes found among others 
in the Solanaceae (tomato, tobacco, potato, pepper, eggplant, 
etc.), Asteraceae (Sunflower, etc.) and Cannabaceae (eg. Can 
nabis sativa) families. 
0003. The peltate trichomes of Lamiaceae are the site of 
production of Volatile molecules, such as monoterpenes (eg. 
menthol, terpineol). Their structure is characterized by an oil 
sac located between the apical periplasma membrane of the 
secretory cells and a wall, in which the Volatile oils accumu 
late (Turner et al., 2000). It is when these sacs break, for 
example when the leaf is crumpled, that the essential oils are 
released. 
0004 Trichomes described as secreting preferably synthe 
size molecules which have low or no volatility at ambient 
temperature, Such as sesquiterpenes or diterpenes (Wagner et 
al., 2004). The glandular trichomes of cultivated tobacco 
(Nicotiana tabacum) for example, produce a secretion over 
half of which is composed of dipterpenes belonging to two 
classes, the cembranes and the labdanes (Heemann et al., 
1983). In some species of wild tobacco such as Nicotiana 
Sylvestris, only the cembranoids, and more particularly cem 
bratriene-diol (CBT-diol), are present and the quantities 
which accumulate at the leaf surface account for about 15% of 
the leaf dry matter (Severson et al., 1985). 
0005 All diterpenes originate from the same precursor 
substrate, geranylgeranyldiphosphate (GGPP). What 
accounts for the diversity of diterpenes are the terpene Syn 
thases which use GGPP to produce an olefin, cyclic or not. 
GGPP is also the precursor of tetraterpenes, among which are 
found the carotenoid pigments. The diterpenes include mol 
ecules of primary metabolism, such as the gibberellins, which 
are plant growth hormones, and secondary metabolites which 
account for most of the metabolic diversity of these mol 
ecules. This division between primary and secondary 
metabolites takes place through a tight regulation of the meta 
bolic availability of GGPP. In this respect, it is relevant to note 
that plant species which accumulate large amounts of diter 
penes are equipped with specialised organs, the secreting 
trichomes, dedicated to the synthesis thereof. Tobacco and in 
particular Nicotiana Sylvestris, are a typical example where 
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there is an abundant GGPP pool in the trichomes in order to 
ensure a high flow of cembranoid synthesis, and hence the 
high accumulation thereof at the Surface of the aerial parts. 
0006. The steps leading to the biosynthesis of CBT-diol in 
tobacco have been partially elucidated and can be broken 
down into two different parts: 

0007 biosynthesis of the universal precursor of all 
diterpenes, geranylgeranyl pyrophosphate (GGPP), via 
the so-called “Rohmer pathway (Rohmer et al., 1996), 
takes place in the chloroplast. 

0008 biosynthesis of CBT-diol from GGPP. Wang and 
Wagner (2003) have proposed the following biosyn 
thetic pathway: 
GGPP-CBT-o-eCBT-dio. 

0009. The first cyclization step would be carried out by an 
enzyme from a large family of enzymes known as terpene 
synthases (Bohlmann et al., 1998). The diterpene synthase of 
tobacco would use GGPP as substrate to form CBT-ol. The 
second step whereby CBT-diol is produced from CBT-ol is a 
hydroxylation catalyzed by an enzyme from the cytochrome 
P450 family. Professor G. Wagner's group (University of 
Kentucky) has used subtractive PCR to identify two N. 
tabacum candidate genes for each of these steps: 

0010 a sequence displaying high homology with 
sequences coding for terpene synthases (CYC-2: Gen 
bank No. AF401234. NID: AY495694), 

0.011 a sequence coding for a cytochrome P450-type 
enzyme (CYP71D16, NID: AF 166332) (Wang et al., 
2001, Wang & Wagner 2003). 

0012 Studies of the silencing of expression of these genes 
by co-suppression and RNA interference in N. tabacum have 
shown (i) a decrease in CBT-diol and CBT-ol correlated with 
a decrease in CYC-2 gene expression, and (ii) an increase in 
CBT-ol accumulation and a decrease in CBT-diol formation 
correlated with a decrease in CYC71D16 gene expression in 
the trichomes. These studies have Suggested that (i) the 
CYC-2 gene codes for the CBT-ol cyclase responsible for 
CBT-ol synthesis and (ii) the CYP71D16 gene codes for a 
CBT-ol hydroxylase which converts CBT-ol to CBT-diol. 
Moreover, a genomic sequence of a gene very similar to 
CYC-2 mRNA has recently been deposited in the data base 
(CYC-1, NID: AY049090), which suggests the existence of 
not one but several CBT-ol cyclase genes. 
0013 Certain diterpenoids have been commercially 
exploited, particularly in the pharmaceutical sector. This is 
true in particular for diterpenoids from the taxane class, pacli 
taxel and docetaxel, used in the treatment of breast and ova 
rian cancer. Paclitaxel is a natural molecule extracted from the 
yew (Taxus sp.), while docetaxel is a semi-synthetic mol 
ecule, derived from a paclitaxel precursor, 10-deacetyl bac 
catin III (or 10-DAB III), also extracted from yew. Most of the 
paclitaxel biosynthetic genes of yew have been described 
(Jennewein & Croteau, 2001; Jennewein et al., 2004). These 
molecules are costly to produce due to the relatively low 
abundance of 10-DAB III and especially of paclitaxel in yew 
extracts, and due to the absence of a synthetic method that can 
be scaled up industrially, on account of the structural com 
plexity of the molecules. 
0014 Thus there is a high demand for methods for pro 
ducing terpenes of interest at a lower cost, but also for pro 
ducing terpene derivatives that are not yet easily accessible to 
synthesis. 
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SUMMARY OF THE INVENTION 

0015 The present invention describes a novel method for 
producing terpenes of interest in plants having glandular tri 
chomes, as well as plants useful for said production. Said 
novel method is based on introducing into the plant a heter 
ologous terpene synthase enabling production of the terpene 
of interest. The expression of said heterologous terpene Syn 
thase is controlled by a promoter enabling an expression, 
preferably specific, in the glandular trichomes of the plant. To 
increase the yield, it is preferable to block the synthesis of 
endogenous diterpenes in the trichomes of the plant. 
0016 A first object of the invention relates to a method for 
producing a terpene of interest in a plant having glandular 
trichomes comprising: 
a) introducing into a cell of said plant a construct containing 
an expression cassette comprising a polynucleotide sequence 
encoding a heterologous terpene synthase enabling the Syn 
thesis of said terpene of interest under the control of a pro 
moter enabling an expression, preferably specific, in the tri 
chomes; 
b) reconstituting a plant from said cell and selecting trans 
genic plants expressing said terpene synthase; and 
c) recovering the terpene of interest contained in the tri 
chomes of said transgenic plants. 
0017 Preferably, the expression of the terpene synthase is 
under the control of a trichome-specific promoter. 
0018 Preferably, the recovery of the terpene of interest in 
the trichomes of said transgenic plants is carried out by col 
lecting the terpene of interest contained in the trichome exu 
date. 
0019. In a particular preferred embodiment, said expres 
sion cassette comprises at least one enhancer sequence oper 
ably linked to the promoter. In a particular embodiment, the 
enhancer sequence comprises the sequence SEQID No 9. 
0020 Preferably, the method additionally comprises 
blocking the pathway of endogenous diterpene production in 
the trichomes. More particularly, the endogenous diterpene 
production pathway can be blocked by blocking the expres 
sion of endogenous diterpene synthase(s). Preferably, block 
ing the endogenous diterpene production pathway in the tri 
chomes is carried out by crossing the transgenic plant 
selected in b) with a transgenic plantin which the endogenous 
diterpene production pathway is blocked in the trichomes. In 
a particular embodiment, one of the endogenous diterpene 
synthases is cembratriene-ol synthase. 
0021. In a preferred embodiment, the heterologous ter 
pene synthase is a diterpene synthase. Preferably, the diter 
pene synthase is taxadiene synthase or casbene synthase. 
0022. In another preferred embodiment, the heterologous 
terpene synthase is a monoterpene synthase and the construct 
additionally comprises a polynucleotide sequence coding for 
a geranylpyrophosphate synthase under the control of a pro 
moter enabling it to be expressed in the trichomes. Alterna 
tively, the polynucleotide sequence encoding a geranylpyro 
phosphate synthase can be carried by a second construct 
different from the first. 
0023. In an additional preferred embodiment, the heter 
ologous terpene synthase is a sesquiterpene synthase and the 
construct additionally comprises a polynucleotide sequence 
encoding a farnesylpyrophosphate synthase under the control 
of a promoter enabling it to be expressed in the trichomes. 
Alternatively, the polynucleotide sequence encoding a farne 
Sylpyrophosphate synthase can be carried by a second con 
struct different from the first. 
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0024. In yet another preferred embodiment, the heterolo 
gous terpene synthase is a triterpene synthase and the con 
struct additionally comprises polynucleotide sequences cod 
ing for a farnesylpyrophosphate synthase, a squalene 
synthase and a squalene epoxidase under the control of a 
promoter enabling them to be expressed in the trichomes. 
Alternatively, the polynucleotide sequences encoding the far 
nesylpyrophosphate synthase, the squalene synthase and the 
squalene epoxidase can be carried by one or more constructs 
different from the first. 
0025. In a preferred embodiment, the plant having glan 
dular trichomes is a plant from the Asteraceae, Cannabaceae, 
Solanaceae or Lamiaceae family. Preferably the plant is 
tobacco, and more particularly Nicotiana Sylvestris. 
0026. In a second aspect, the present invention concerns a 
plant or seed of a transgenic plant having glandular tri 
chomes, characterized in that the endogenous diterpene pro 
duction pathway is blocked in the trichomes. More particu 
larly, the endogenous diterpene production pathway can be 
blocked by blocking the expression of endogenous diterpene 
synthases. Preferably, the plant having glandular trichomes is 
a plant from the Asteraceae, Cannabaceae, Solanaceae or 
Lamiaceae family. Even more preferably, the plant is tobacco, 
and more particularly Nicotiana Sylvestris. In a particular 
embodiment, the endogenous diterpene synthase is cem 
bratriene-ol Synthase. 
0027. In a third aspect, the invention concerns a transgenic 
seed or plant having glandular trichomes characterized in that 
it comprises an expression cassette containing a polynucle 
otide sequence encoding a heterologous terpene synthase 
enabling the synthesis of a terpene of interest under the con 
trol of a promoter enabling an expression, preferably specific, 
in the trichomes. Preferably, the expression of the terpene 
synthase is under the control of a trichome-specific promoter. 
In a preferred embodiment, said expression cassette com 
prises at least one enhancer sequence operably linked to the 
promoter. Preferably, the pathway for producing endogenous 
diterpenes is blocked in the trichomes of said plant. More 
particularly, the endogenous diterpene production pathway 
can be blocked by blocking the expression of the endogenous 
diterpene synthase. Preferably, the plant having glandular 
trichomes is a plant from the Asteraceae, Cannabaceae, 
Solanaceae or Lamiaceae family. Even more preferably, the 
plant is tobacco, and more particularly Nicotiana Sylvestris. 
In a particular embodiment, the endogenous diterpene Syn 
thase is cembratriene-ol synthase. 
0028. A fourth aspect of the invention relates to the use of 
a plant according to the invention for producing terpenes of 
interest. 

0029. A fifth aspect of the invention concerns a method for 
recovering heterologous terpenes in the exudate of the tri 
chomes of a plant, comprising a) harvesting the aerial parts of 
the plant; b) incubating said aerial parts in a solvent of the low 
polarity or apolar type; and c) eliminating the solvent. 
0030. A sixth aspect of the invention further concerns 
plants exhibiting an increased efficiency for transformation 
by bacteria enabling the transfer of DNA into plant cells, and 
the uses thereof. Thus, the present invention concerns a cell of 
a plant exhibiting a blocked production of a compound having 
antibiotic activity at the leaf surface in order to transform said 
cell with a bacterium enabling DNA transfer into the plant 
cells. The invention also concerns a method for transforming 
a plant cell comprising contacting a bacterium enabling DNA 
transfer into plant cells with a cell of a plant exhibiting a 
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blocked production of a compound having antibiotic activity 
at the leaf surface. The invention further concerns a method 
for obtaining transformed plants characterized in that it com 
prises the following steps: a) obtaining a recombinant bacte 
rial host cell enabling DNA transfer into plant cells compris 
ing a transgene; b) transforming a plant exhibiting a blocked 
production of a compound having antibiotic properties at the 
leaf surface, by infection with the recombinant bacterial host 
cells obtained in Step a); c) selecting plants having integrated 
the transgene in their genome. Preferably, the bacterium 
belongs to the genus Agrobacterium, in particular Agrobac 
terium tumefaciens, Rhizobium, Sinorhizobium, or 
Mesorhizobium. Preferably, the plants are plants having glan 
dular trichomes. In a preferred embodiment, the plant having 
glandular trichomes is a plant from the Asteraceae, Canna 
baceae, Solanaceae or Lamiaceae family. Preferably it is from 
the Solanaceae family and can be selected from among 
tobacco, tomato, sunflower and potato. Preferably, the com 
pound having antibiotic activity is a terpene and in particular 
a diterpene. In particular, the compound is CBT-diol. Prefer 
ably, blocking the production of terpenes, in particular of 
diterpenes such as CBT-diol, is carried out by blocking the 
expression of endogenous terpene synthases in the trichomes, 
in particular cembratriene-ol synthase. Blocking can also be 
carried out by specifically blocking in trichomes the expres 
sion of geranylgeranylpyrophosphate synthase (GGPPS), 
which produces geranylgeranylpyrophopshate, the precursor 
of all diterpenes. 
0031. A seventh aspect of the invention concerns the use of 
a plant, in which the pathway of endogenous diterpene pro 
duction, in particular of CBT-diol, is blocked in the tri 
chomes, in order to identify the function of terpenoid biosyn 
thetic genes. More particularly, blocking the CBT-diol 
production pathway can be carried out by blocking the 
expression of cembratriene-ol Synthase. 

DETAILED DESCRIPTION OF THE INVENTION 

0032. The inventors have shown that the tobacco Nicoti 
ana Sylvestris by virtue of its aforementioned metabolic char 
acteristics is an ideal host in which to graft the taxol biosyn 
thetic pathway on the endogenous GGPP pool. More 
generally, any terpene synthase, and more particularly any 
diterpene synthase, as long as its coding sequence is known, 
could be integrated into the tobacco genome in order to yield 
an abundant production of the diterpenoids which are derived 
therefrom. This can be generalized for other terpene classes 
(monoterpenes, sesquiterpenes, or triterpenes for example) to 
plants having glandular trichomes. 
0033. The invention essentially comprises three elements 
summarized below. 
0034 (1) The genetic engineering of tobacco in order to 
enable de novo expression of the heterologous terpene Syn 
thase in the secreting trichomes. The examples described 
herein are those of taxadiene synthase and casbene synthase 
which respectively lead to the production of taxadiene and 
casbene. These examples should not be considered to be 
limiting of the possibilities for producing diterpenoids by 
tobacco trichomes. Moreover, the importance of specifically 
expressing the diterpene synthases in the tobacco trichomes 
relative to a constitutive expression will be highlighted. 
0035 (2) The increase in diterpeneproduction obtained by 
inhibiting endogenous diterpene synthesis in tobacco. To 
increase the level of diterpene production by the secreting 
trichomes, the endogenous diterpene production pathway is 
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blocked at the terpene synthase step. This makes it possible to 
reduce, if not eliminate, any competition for GGPP, the sub 
strate common to all diterpene synthases. Inactivation of the 
genes encoding terpene synthase activity (cembratrien-ol 
synthase in the case of Nicotiana Sylvestris) is sufficient to 
virtually eliminate the production of endogenous diterpenes. 
0036 (3) The secretion of the diterpenes of interest in the 
trichome exudate and the recovery of the diterpenoid-con 
taining exudate produced by the trichomes by using a solvent 
of the low polarity (methylene chloride, chloroform, etc.) or 
apolar type (eg., pentane, hexane, etc.). Indeed, the inventors 
have discovered the non-obvious and unforeseeable possibil 
ity of secreting terpenes other than endogenous terpenes in 
the exudate of trichomes. 
0037. The inventors have also discovered that plants, in 
which the production of a compound having antibiotic activ 
ity at the leaf surface is blocked, exhibit a higher efficiency of 
transformation by bacteria enabling DNA transfer into plant 
cells. In fact, the elimination of CBT-diol production by tri 
chomes at the leaf surface of N. Sylvestris leads to a highly 
significant enhancement of the efficiency of genetic transfor 
mation by Agrobacterium tumefaciens. This can be explained 
by the antibacterial activity of CBT-diol, which would pre 
vent the growth of Agrobacterium tumefaciens and hence the 
transformation of N. Sylvestris cells. 
0038 Moreover, the inventors have identified several 
interesting properties of plants in which the CBT-diol syn 
thetic pathway is blocked in the trichomes. In fact, CBT-diol 
is a major contaminant considering the amounts which are 
produced. Its presence makes the detection of minor compo 
nents difficult. Thus, a plant producing little or no CBT-diol 
facilitates the purification of molecules produced in the tri 
chomes by transgenesis. In addition, Such a plant is extremely 
useful for identifying the function of terpenoid biosynthetic 
genes. In fact, the low level of CBT-diol in the leaf exudates 
of such a plant facilitates the “in vivo’ identification of the 
function of genes involved interpene biosynthesis such as for 
exampleterpene synthases, cytochrome P450 monooxygena 
ses, acetyltransferases, benzoyltransferases or N-benzoyl 
transferases. 
0039. The present invention therefore consists in a system 
for producing terpenes of interest selected in the group con 
sisting of diterpenes, monoterpenes, sesquiterpenes and trit 
erpenes in a plant having glandular trichomes. 
0040. In a first embodiment, the invention consists in a 
system for producing diterpenes of interest, and more particu 
larly taxanes, by glandular trichomes. 
0041 Studies of diterpene synthase expression in Nicoti 
ana Sylvestris show that tobacco trichomes constitute a natu 
ral platform suited to the de novo production of diterpenoids, 
and in particular taxadiene or casbene. The production of 
taxadiene or casbene in the trichome exudate shows that the 
trichome secretory system is not specific of a class of diter 
penes. In view of a culture for the production of said diterpe 
nes, the specific expression of diterpene synthase in tri 
chomes confers a significant advantage over constitutive 
expression which is characterized by slower growth. 
0042. The choice of tobacco and in particular Nicotiana 
Sylvestris, as well as plants having glandular trichomes, is 
equally adapted for an abundant production of diterpenes. In 
fact, the expression of taxadiene synthase under the control of 
a constitutive promoter (35S) in the species Arabidopsis 
thaliana leads to an accumulation of taxadiene which is 
restricted to the leaves and in small amounts (100 times less 
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than that in N. Sylvestris) (Besumbes et al., 2004: Botella 
Pavia et al., 2004). This difference is related to the physiology 
of Arabidopsis thaliana trichomes which are not glandular. 
0043. As shown by the inventors, casbene and taxadiene 
synthase, which are derived from phylogenetically distant 
plants (castor oil plant and yew, respectively), are both func 
tional in tobacco trichomes. In light of these observations, the 
inventors consider that tobacco trichomes constitute a bio 
logical factory capable of expressing all kinds of diterpene 
synthases, regardless of their origins. 
0044. The use of a silencing strategy for endogenous ter 
pene synthase genes leads to a significant increase in taxadi 
ene accumulation in the trichomes. Said strategy is therefore 
particularly adapted to increasing the levels of diterpene pro 
duction by tobacco trichomes. Generally, silencing the 
endogenous diterpenoid pathway by any means whatsoever 
in order to increase the biosynthesis of the grafted genetically 
engineered pathway represents a clear advantage for produc 
ing high yields of diterpenoids of interest. 
0.045. In a general manner, an expression cassette is com 
posed of a promoter enabling transcription initiation, a tran 
scribed nucleic acid, containing introns or not and whose 
translation enables the production of a heterologous terpene 
synthase, and a transcription terminator. The transcribed 
nucleic acids can be genomic DNA, complementary DNA 
(cDNA) or synthetic DNA. In the scope of the invention, the 
transcribed nucleic acids are preferably cDNA devoid of 
introns. The transcribed nucleic acids can be synthetic or 
semi-synthetic, recombinant molecules, possibly amplified 
or cloned into vectors, chemically modified or comprising 
unnatural bases. Typically they are isolated DNA molecules, 
synthesized by recombinant methods well known to those 
skilled in the art. They are typically used in their full length, 
namely, with the ATG initiation codon of the genes of origin 
and with their coding sequence for the chloroplast transit 
peptide. Generally, the diterpene synthases of plants are 
transported to chloroplasts and therefore possess a transit 
peptide, whereas the diterpene synthases of organisms which 
do not possess chloroplasts. Such as bacteria or fungi, do not 
possess a chloroplast transit peptide. In order to correctly 
express said diterpene synthases in the chloroplasts of plants 
and in particular of tobacco, it will be necessary to create a 
fusion with a transit peptide, such as that of the Rubisco small 
subunit, well known to those skilled in the art. 
0046. The term expression cassette designates a nucleic 
acid construct comprising a coding region and a regulatory 
region, operably linked. The expression “operably linked 
indicates that the elements are combined in Such a way that 
the expression of the coding sequence (the gene of interest) 
and/or the targeting of the encoded protein are under the 
control of the transcriptional promoter and/or the transit pep 
tide. Typically, the promoter sequence is placed upstream of 
the gene of interest, at a distance therefrom which is compat 
ible with control of expression. Similarly, the transit peptide 
sequence is generally fused upstream of the sequence of the 
gene of interest, and in frame with it, and downstream of any 
promoter. Spacer sequences may be present, between the 
regulatory elements and the gene, as long as they do not 
prevent expression and/or targeting. 
0047. The expression cassette comprises a promoter 
enabling an expression, preferably specific, in the trichomes 
of the plant. Such promoters are known to those skilled in the 
art. 
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0048. In the spirit of the invention, “specific' promoter 
shall be understood to mean a promoter which is mainly 
active in a given tissue or cell group. It shall be understood 
that a residual expression, generally lower, in other tissues or 
cells cannot be entirely ruled out. A particular feature of the 
invention is based on the ability to construct promoters spe 
cific of secretory cells of glandular trichomes, enabling a 
modification of the composition of the leaf secretions of the 
plant, and in particular enabling the expression therein of the 
terpene synthase enabling preparation of the terpene of inter 
eSt. 

0049. For example, it has been shown that a 1852 bp 
regulatory sequence, located upstream of the ATG of the 
CYP71D16 gene, specifically directs the expression of the 
uidA reporter gene in the Secretory cells of tobacco trichomes 
(application US 2003/0100050A1, Wagner et al., 2003). Fur 
thermore, several promoter sequences extracted from differ 
ent species have been shown to direct the expression of a 
heterologous gene in tobacco trichomes (Table 1). 
0050. Among said promoters, that of the LTP3 gene, cod 
ing for a cotton protein involved in lipid transfer (LTP), is 
specifically expressed in cotton fiber cells. The regulatory 
sequence of the gene (1548 bp) has been studied in tobacco. 
Said sequence specifically directs the expression of the uidA 
gene in leaf trichomes. The 315bp sequence located between 
positions -614 and -300 upstream of the ATG is thought to 
underlie the promoter's specificity. The promoter of the LTP6 
gene can also enable trichome-specific expression in cotton. 
Based on the literature, however, it would appear that the 
expression occurs in cells at the foot of the trichome, and not 
in the secretory cells. Moreover, when said promoters are 
introduced into tobacco, expression is no longer highly spe 
cific, with in particular a signal in epidermal cells (see Table 
1). 
0051. This is why, in a preferred embodiment of the 
present invention, the promoter used in the cassette is derived 
from the NsTPS-02a, 02b, 03, and 04 genes of the species 
Nicotiana Sylvestris showing high sequence homology with 
CYC-2 (CBT-olicyclase; NID: AF401234). The sequence of 
said promoters is given in SEQ ID Nos. 5 to 8. Thus, the 
promoter contained in the expression cassette comprises a 
nucleic acid having functional transcriptional promoteractiv 
ity in glandular trichomes, characterized in that it comprises 
all or part of the sequence SEQ ID No. 5, 6, 7 or 8 or a 
functional variant thereof. More particularly, a functional 
variant thereof shall be understood to mean a sequence dis 
playing at least 80, 85 or 90% identity with one of said 
sequences obtained by blastN sequence alignment Software 
(Altschulet al., 1990), and is specific of glandular trichomes, 
in particular of the secretory cells of glandular trichomes. 
Said promoter sequences are more fully described in patent 
application FR No. 04 10799 filed on 13 Oct. 2004. 
0.052 Among terminator sequences, one can cite the NOS 
terminator (Bevan et al., 1983, Nucleic Acids Res. 11(2), 
369-385), and the histone gene terminator (EPO 633317). 
0053. In a particular embodiment, the expression cassette 
can comprise a sequence enabling increased expression ('en 
hancer), for example certain elements of the CaMV35S pro 
moter and of octopine synthase genes (U.S. Pat. No. 5.290, 
924). Preferably the enhancer of the CaMV35S promoter is 
used. An example of an enhancer is given in sequence SEQID 
No 9. 

0054 The transcribed nucleic acid codes for the terpene 
synthase capable of synthesizing the terpene of interest. 
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0055. In a particular embodiment of the invention, the 
terpene of interest is a diterpene. Preferably, the diterpene of 
interest is a taxane. More particularly, the taxane can be 
taxadiene. The heterologous terpene synthase which is intro 
duced into the plant is a diterpene synthase, more particularly 
the diterpene synthase capable of synthesizing the diterpene 
of interest. For example, for taxadiene, the diterpene synthase 
is a taxadiene synthase. More particularly, the taxadiene Syn 
thase is that of the yew. FIG. 8 illustrates the strategy for 
producing taxadiene in tobacco trichomes. Many coding 
sequences and protein sequences are known for the taxadiene 
synthase of yew. A non-exhaustive list of references is given 
below. 

Coding sequence ref. Protein sequence ref. 

AY365 032 AAR153291 
AY364470 AAR138611 
AY364469 AA1386O1 
AY461450 AAS186031 
U48796 AAC493.10.1 

0056 Moreover, for casbene, the diterpene synthase is a 
casbene synthase. More particularly, the casbene synthase is 
that of the castor oil plant. By way of non-limiting example, 
one can cite reference L32134 for the coding sequence and 
reference P59287 for the protein sequence. 
0057 More generally, the present invention relates to any 
diterpene synthase which is known or whose sequence cor 
responds to the characteristics of diterpene synthases, as indi 
cated hereinbelow. 
0058. The genes of several diterpenes synthases have been 
cloned and their functions confirmed. These include: taxadi 
ene synthase (Wildung and Croteau, 1996), abietadiene syn 
thase (Peters et al., 2000), levopimaradiene synthase (Schep 
mann et al., 2001), isopimaradiene synthase (Martin et al., 
2004), casbene synthase (Mau and West, 1994), cem 
bratriene-ol synthase (Wang and Wagner, 2003), ent-cassadi 
ene synthase (Cho et al., 2004), labdene synthase (Seo et al., 
2003), syn-pimaradiene synthase (Wilderman et al., 2004), 
ent-copalyl diphosphate synthase and ent-kaurene synthase 
(Sun et al., 1994, Prisic et al., 2004). Other diterpene synthase 
genes are currently being characterized in rice (Syn 
stemarene synthase, Syn-pimaradiene synthase, ent-sandara 
copimaradiene synthase and ent-cassadiene synthase) and 
tobacco (cis-abienol synthase). 
0059. The protein sequences of diterpene synthases share 
common features. The immature proteins all contain a chlo 
roplast transit peptide at the N-terminal end. All diterpene 
synthases contain two characteristic domains. The N-termi 
nal domain is called the glycosyl hydrolase-like domain; the 
C-terminal domain contains the catalytic site. 
0060. The diterpene synthases are subdivided into three 
large classes. Enzymes in class 1 have a DDXXD consensus 
motif in the C-terminal domain. Enzymes in class II have a 
(D/E)XD(D/N) consensus motif located in the N-terminal 
domain (Prisic et al., 2004). Enzymes in classes I and II act 
sequentially to generate carbon skeletons of the labdane type 
and are generally characteristic of primary metabolism (eg.: 
ent-copalyldiphosphate synthase and ent-kaurene synthase), 
but also participate in secondary metabolism as in rice (eg.: 
ent-copalyl diphosphate synthase and ent-cassadiene Syn 
thase). Other enzymes specific of secondary metabolism in 
gymnosperms contain these two motifs and are therefore 
bifunctional with two catalytic sites (eg.: abietadiene Syn 
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thase). Despite being bifunctional they are listed in class I. All 
these enzymes (classes I and II) are further characterized by a 
sequence in the N-terminal domain called CDIS for Conifer 
Diterpene Internal Sequence. Said sequence is generally 
about 215 amino acids and is located between the signal 
peptide and the glycosyl hydrolase-like domain (Trapp and 
Croteau, 2001). 
0061. In angiosperms, enzymes in class III have the 
DDXXD consensus in the C-terminal region, but not the 
CDIS of classes I and II. Said enzymes act in a single reaction 
step. Casbene synthase is an example of a class III diterpene 
synthase. 
0062. The Arabidopsis thaliana genome contains 21 
sequences which meet the criteria for class III diterpene Syn 
thases (Aubourg et al., 2002). Their genomic coordinates, 
according to the international nomenclature for Arabidopsis 
genes, are as follows: At3.g481 10, At3g29410, At3 g14490, 
At1g31950, Atag15870, At2g23230, Atlg48800, 
At1g66020, At3g291 10, Atlg70080, Atlg33750, 
At3.g32030, At3g14520, At3g14540, At5g44630, 
At4g 13280, Atag13300, Atag20210, At3g29.190, 
At4g20230. At 4g.20200. The proteins encoded by the genes 
At3g29410, At3g14540, Atlg33750, At3.g32030 and 
At1.g48800, also have a (D/E)EDD motif of the class II type 
in the N-terminal domain, which makes them similar to the 
bifunctional diterpene synthases in class I. Said enzymes can 
therefore produce labdanoid type diterpenes in a single step. 
None of the proteins encoded by these sequences has been 
authenticated. However, the inventors have attempted to char 
acterize two proteins encoded by the genes At3g29410, 
At3g14540. 
0063. In another particular embodiment of the invention, 
the terpene of interest is a monoterpene. For example, the 
monoterpene of interest can be limonene. Non-limiting 
examples are also carene, pinene, thujene, or linalool. The 
heterologous terpene synthase which is introduced into the 
plant is a monoterpene synthase, more particularly the monot 
erpene synthase capable of synthesizing the monoterpene of 
interest. However, monoterpene production also requires the 
introduction of a geranylpyrophosphate synthase expressed 
in trichomes. Non-limiting examples of geranylpyrophos 
phate synthase are referenced below. 

Organism Coding sequence ref. Protein sequence ref. 

Vitis vinifera AY3S1862 AARO8151 
Mentha piperata AF182828 AAFO8793 
Abies grandis AFS13112 AANO1134 
Arabidopsis i. Y17376 CAC16849 

0064 FIG. 9 illustrates the strategy for producing monot 
erpenes in tobacco trichomes. For example, for limonene, the 
monoterpene synthase is a limonene synthase. Many coding 
sequences and protein sequences are known for limonene 
synthase. Non-exhaustive examples of references are given 
below. 

Coding sequence ref. Protein sequence ref. 

AY473624 AAS47694.1 
AFS14289 AAM53946.1 
AFS14287 AAM53944.1 
AF317695 AAKO6663.1 
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-continued 

Coding sequence ref. Protein sequence ref. 

AF241793 AAG31438.1 
AF241792 AAG31437.1 
AF241791 AAG61436.1 
AF241790 AAG31435.1 
AF233894 AAF6S545.1 
AF175323 AADSO3O4.1 

0065 Carene synthase, pinene synthase, thujene synthase, 
and linalool synthase are other examples of monoterpene 
synthases. 
0066. In another particular embodiment of the invention, 
the terpene of interest is a sesquiterpene. For example, the 
sesquiterpene of interest can be valencene, Santalene, germa 
crene or epi-aristolochene. 
0067. The heterologous terpene synthase which is intro 
duced into the plant is a sesquiterpene synthase, more par 
ticularly the sesquiterpene synthase capable of synthesizing 
the sesquiterpene of interest. However, sesquiterpene produc 
tion also requires the introduction of a farnesylpyrophosphate 
synthase expressed in trichomes. 

Organism Coding sequence ref. Protein sequence ref. 

Arabidopsis L46367 AAF44787 
Artemisia AY3O8477 AAP7472O 
Mentha AF384040 AAK63847 

0068 FIG. 10 illustrates the strategy for producing ses 
quiterpenes in tobacco trichomes. For example, for Valen 
cene, the sesquiterpene synthase is a valencene synthase. 
More particularly, the valencene synthase is that of sweet 
orange. By way of non-limiting example, one can cite refer 
ence AF441124 for the coding sequence and reference 
AAG04608.1 for the protein sequence. 
0069 Germacrene synthase (SSTLH1 gene, reference 
AF279455) and epi-aristolochene synthase (reference 
AAA19216) are other examples of sesquiterpene synthases. 
0070. In another particular embodiment of the invention, 
the terpene of interest is a triterpene. For example, the triter 
pene of interest can be lanosterol, cycloartenol, lupeol or 
beta-amyrin. 
0071. The heterologous terpene synthase which is intro 
duced into the plant is a triterpene synthase, more particularly 
the triterpene synthase capable of synthesizing the triterpene 
of interest. However, triterpene production also requires the 
introduction of a farnesylpyrophosphate synthase, a squalene 
synthase, and squalene epoxidase expressed in trichomes. 

Enzyme Coding sequence ref. Protein sequence ref. 

Squalene synthase D29017 BAA06103 
Squalene epoxidase NM 104624 NP 564734 

0072 FIG. 11 illustrates the strategy for producing triter 
penes in tobacco trichomes. For example, for lanosterol, the 
triterpene synthase is a lanosterol synthase. Many coding 
sequences and protein sequences are known for lanosterol 
synthase. 
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0073 Lanosterol synthase, cycloartenol synthase, lupeol 
synthase and beta-amyrin synthase are other examples of 
triterpene synthases. 
0074. In addition to the introduction of a construct con 
taining an expression cassette comprising a polynucleotide 
sequence encoding a heterologous terpene synthase, the 
method can comprise the introduction into the plant cell of 
one or more transgenes each encoding a terpene modification 
enzyme. In particular, the terpene modification can be a 
hydroxylation, an acylation and in particular an acetylation, a 
benzoylation, a dehydrogenation, etc. The introduction of the 
transgene preferably takes place by introducing an expression 
cassette comprising a polynucleotide sequence encoding a 
terpene modification enzyme. The polynucleotide sequence 
encoding a terpene modification enzyme is under the control 
of a promoter enabling expression in trichomes, preferably 
trichome-specific. The transgene can be carried by the con 
struct comprising the polynucleotide sequence encoding a 
heterologous terpene synthase or by a different construct. For 
example, said modification enzyme can be a P450 monooxy 
genase, an acyltransferase, a benzoyltransferase, a reductase, 
among others. A non-exhaustive list of genes coding for ter 
pene modification enzymes is given in the following table. 

Gene 
(Genbank 
accession Terpene skeleton 

Enzyme No.) modified 

AYS18383 Taxadiene 
AY289209 Taxadiene 
AY307951 Taxadiene 
AY563635 Taxadiene 
AY453403 Taxadiene 

Taxoid 2-alpha hydroxylase 
Taxadiene 5-alpha hydroxylase 
Taxoid 7-beta hydroxylase 
Taxoid 10-beta hydroxylase 
5-alpha-taxadienol-10-beta 
hydroxylase 
Taxane 14b-hydroxylase 
Taxane 13-alpha-hydroxylase 
Taxane hydroxylase 
Taxadien-5-alpha-ol-O-acetyl 
transferase 
Taxadienol acetyltransferase 
0-deacetylbaccatin III-10-O-acetyl 
transferase 
2-debenzoyl-7,13-diacetylbaccatin 
II-2-O-benzoyl transferase 
3'-N-debenzoyltaxol N-benzoyl 
transferase 
Taxoid phenylpropanoyltransferase AYO82804 Taxadiene 
Taxane 2-alpha-O-benzoyltransferase AY675557 Taxadiene 
Taxoid-O-acetyltransferase AY6284.33 Taxadiene 
5-epi-aristolochene-1,3-dihydroxylase AF368376 5-epi-aristolochene 

AY188177 Taxadiene 
AYOS 6019 Taxadiene 
AY374652 Taxadiene 
AY628434 Taxadiene 

AF1901.30 Taxadiene 
AF19376S Taxadiene 

AF297618 Taxadiene 

AF297618 Taxadiene 

Abietadienolabietadienal oxidase AY779538 Abietadiene, 
ehydroabietadiene, 

levopimaradiene, 
isopimaradiene 

Limonene-3-hydroxylase AAQ18708 Limonene 
(-)-isopiperitenol dehydrogenase AY641428 Limonene 
(-)-isopiperitenone reductase AY300162 Limonene 
(+)-pulegone reductase AY3001 63 Limonene 
Menthol dehydrogenase AY288138 Limonene 

0075. The expression cassette so formed is inserted in a 
vector. The vector can be DNA or RNA, circular or not, 
single- or double-stranded. Typically it is a plasmid, phage, 
virus, cosmid, artificial chromosome, etc. Advantageously it 
is a plant vector, that is to say, capable of transforming a plant 
cell. Examples of plant vectors are described in the literature, 
including in particular the A. tumefaciens T-DNA plasmids 
pBIN19 (Bevan, 1984), pPZP100 (Hajdukewicz et al., 1994), 
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pCAMBIA series (R. Jefferson, CAMBIA, Australia). The 
vectors of the invention can additionally comprise an origin of 
replication and/or a selection gene and/or a plant recombina 
tion sequence, etc. The vectors can be constructed by conven 
tional molecular biology methods, well known to those 
skilled in the art, using for example restriction enzymes, 
ligation, clonings, replication, etc. 
0076. The selection genes comprise, in a non-exclusive 
manner, the use of marker genes Such as genes conferring 
resistance to an antibiotic or to herbicides, or positive selec 
tion systems, in particular the system based on selection on 
mannose, in the presence of the MPI selection gene (man 
nose-6-phosphate isomerase) (Hansen and Wright, 1999), or 
selection systems coupled to elimination of the marker genes 
after selection (Elbinuma et al., 1997). Finally, the trans 
formed plants can also be selected by PCR screening in the 
absence of selectable marker genes (McGarvey and Kaper, 
1991). 
0077 Introduction of the inventive constructs into a plant 
cell or tissue, including a seed or plant, can be carried out by 
any method knownto those skilled in the art, and comprise for 
example the use of the bacterium Agrobacterium tumefa 
ciens, electroporation, conjugative transfer, gene gun meth 
ods, transfection with a viral vector in particular, and any 
other method known to those skilled in the art. 

0078. A commonly used method is based on the use of the 
bacterium Agrobacterium tumefaciens, which mainly con 
sists in introducing the construct of interest (nucleic acid, 
cassette, vector, etc.) in the bacterium A. tumefaciens, then 
contacting said bacterium with the leaf discs of the chosen 
plant. The expression cassette is typically introduced in the 
bacterium by using as vector the Ti plasmid (or T-DNA), 
which can be transferred into the bacterium for example by 
heat shock. Incubation of the transformed bacteria with leaf 
discs leads to transfer of the Tiplasmid into the genome of the 
disc cells. The latter can optionally be cultivated in suitable 
conditions in order to regenerate a transgenic plant the cells of 
which comprise the construct of the invention. For further 
details or variant implementations of the A. tumefaciens 
transformation method, reference can be made to Horsch et 
al., 1985 or Hooykaas and Schilperoort, 1992 for example. 
007.9 Thus, in a particular embodiment, the expression 
cassette so formed is inserted between the left and right bor 
ders of the transfer DNA (T-DNA) of a disarmed Tiplasmid 
for transfer into plant cells by Agrobacterium tumefaciens. 
The T-DNA also comprises a gene whose expression confers 
resistance to an antibiotic and which enables the selection of 
transformants. 

0080. Another method of plant transformation is based on 
projecting microparticles (typically microbeads) to which 
gene constructs are attached, directly on plant cells, then 
culturing said cells in order to reconstitute a transgenic plant. 
The particles which are used are typically gold particles, 
which are typically projected by means of a particle gun (see 
in particular Russellet al., InVitro Cell. Dev. Biol., 1992,28P. 
p.97-105). 
0081. The microinjection method is based primarily on 
injecting the gene constructs into plant protoplasts or 
embryos, then cultivating said tissues so as to regenerate 
whole plants. Other plant transgenesis methods are well 
known, or other protocols implementing the above methods 
are described in the prior art (Siemens, J and Schieder, 1996) 
and can be employed in the invention. 
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I0082 In particular the present invention can be used for 
producing terpenes of interest specifically in the secretory 
cells of glandular trichomes of higher plants (in particular the 
Angiosperms). The invention is applicable in particular to all 
the plants from families having glandular trichomes, for 
example Asteraceae (Sunflower, etc.), Solanaceae (tomato, 
tobacco, potato, pepper, eggplant, etc.), Cannabaceae (eg. 
Cannabis sativa) and Lamiaceae (mint, basil, lavender, 
thyme, etc). The invention is particularly adapted to plants 
from the Solanaceae family, Such as for example the genuses 
Solanum, Lycopersicon, Capsicum, Petunia, Datura, Atropa, 
etc., and to Nicotianeae, for example tobacco, and more par 
ticularly the wild tobacco Nicotiana Sylvestris. In a non 
limiting manner, the invention can be applied to plants from 
the following genuses: Populus, Lycopersicon, Nicotiana, 
Cannabis, Pharbitis, Apteria, Psychotria, Mercurialis, Chry 
Santhemum, Polypodium, Pelargonium, Mimulus, Matri 
caria, Monarda, Solanum, Achillea, Valeriana, Ocimum, 
Medicago, Aesculus, Plumbago, Pityrogramma, Phacelia, 
Avicennia, Tamarix, Frankenia, Limonium, Foeniculum, Thy 
mus, Salvia, Kadsura, Beyeria, Humulus, Mentha, Artemisia, 
Nepta, Geraea, Pogostemon, Majorana, Cleome, Cnicus, 
Parthenium, Ricinocarpos, Hymennaea, Larrea, Primula, 
Phacelia, Dryopteris, Plectranthus, Cypripedium, Petunia, 
Datura, Mucuna, Ricinus, Hypericum, Myoporum, Acacia, 
Diplopeltis, Dodonaea, Halgania, Cyanostegia, Prostan 
thera, Anthocercis, Olearia, Viscaria. 
I0083. Once regenerated, the transgenic plants can be 
tested for expression of the heterologous terpene synthase or 
for production of the terpene of interest in the trichomes. This 
can be done by collecting the leaf exudate and testing for the 
presence of the terpene of interest in said exudate, when the 
terpene of interest is meant to be secreted. This can also be 
done by analyzing the presence of the heterologous terpene 
synthase in the leaves and, more particularly, in the trichome 
cells (for example by analyzing mRNA or genomic DNA with 
specific primers or probes). Optionally the plants can be 
selected, crossed, treated, etc. in order to obtain plants dis 
playing improved levels of expression. 
I0084. In this regard, another object of the invention is 
based on a modified cell comprising a cassette or a vector 
such as defined hereinabove. For example it can be a plant 
cell, in particular from the Solanaceae, Asteraceae, Canna 
baceae or Lamiaceae family. The cells can be cultivated in 
vitro, and used to reconstitute tissues or whole plants, in order 
to produce terpenes of interest in culture, or else to study the 
properties of heterologous terpene synthases (for example by 
functional genomics). 
I0085. Another object of the invention is also based on a 
plant or seed comprising an expression cassette or a vector 
such as defined hereinabove. More particularly, the invention 
relates to a transgenic seed or plant having glandular tri 
chomes and comprising an expression cassette containing a 
polynucleotide sequence encoding a heterologous terpene 
synthase enabling the synthesis of a terpene of interest under 
the control of a promoter enabling an expression, preferably 
specific, in the trichomes. When the terpene synthase is a 
monoterpene synthase, the transgenic seed or plant addition 
ally comprises an expression cassette containing a polynucle 
otide sequence encoding a geranylpyrophosphate synthase 
under the control of a promoter enabling it to be expressed in 
the trichomes. When the terpene synthase is a sesquiterpene 
synthase, the transgenic seed or plant additionally comprises 
an expression cassette containing a polynucleotide sequence 
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encoding a farnesylpyrophosphate synthase under the control 
of a promoter enabling it to be expressed in the trichomes. 
When the terpene synthase is a triterpene synthase, the trans 
genic seed or plant additionally comprises an expression cas 
sette containing a polynucleotide sequence coding for a far 
nesylpyrophosphate synthase, a squalene synthase and a 
squalene epoxidase under the control of a promoter enabling 
them to be expressed in the trichomes. 
I0086. In a preferred embodiment of the invention, the 
plant additionally exhibits a blocked endogenous terpene pro 
duction pathway in the trichomes. In a preferred embodiment, 
the endogenous terpene production pathway is specifically 
blocked in the trichomes, meaning that it is hardly if at all 
affected in the other parts of the plant. The endogenous ter 
pene production pathway is preferably blocked by blocking 
the expression of endogenous terpene synthases. However, 
the invention also provides for blocking the pathway for 
producing endogenous terpenes at another level. 
0087. The expression of endogenous terpene synthases 
can be blocked by many available techniques known to those 
skilled in the art. The terpene synthase genes can be deleted, 
mutated (for eg., chemical mutation by EMS or irradiation) or 
interrupted (insertional mutagenesis). Furthermore, the 
expression of endogenous terpene synthases can also be 
blocked by gene silencing by expressing a transcript inhibitor. 
The transcript inhibitor is an RNA which can take the form of 
a double-stranded RNA, an antisense RNA, a ribozyme, an 
RNA which can form a triple helix, and which has some 
complementarity or specificity with the transcript of the 
endogenous diterpene. 
0088 According to a particularembodiment of the present 
invention, the transcript inhibitor is in the form of an antisense 
RNA. The latter generally comprises a nucleotide sequence 
complementary to at least a part of the transcript of endog 
enous terpene synthases, and selectively hybridizes with said 
transcripts via classical Watson-Crick type interactions. The 
transcript inhibitor(s) of the antisense RNA type cantherefore 
bind to the transcripts of the terpene synthases and for 
example block access to the cellular translation machinery at 
the 5' end of the transcript of interest when the latter is an 
mRNA, hinder the translation thereof into protein, and enable 
the Suppression of expression of the transgene of interest in 
vivo (Kumar et al., Microbiol. Mol. Biol. Rev, 62 (1993) 
1415-1434). For example such polynucleotides are described 
in patents EP 92574 and EP 140308. When the transcript 
inhibitor is of the antisense RNA type, it can cover all or part 
of the coding sequence of the diterpene synthase transcript, or 
all or part of the 3' or 5' noncoding sequence. In a preferred 
manner, the antisense transcript inhibitor is complementary 
to the ribosome binding and translation initiation sequence. In 
a preferred manner, the transcript inhibitor has a length of at 
least 10 ribonucleotides. 

0089. In a preferred embodiment, the transcript inhibitor 
makes use of the mechanism of RNA interference (reviewed 
in Baulcombe, 2004). Preferably, said silencing is carried out 
by the intron-spliced hairpin RNA or ihpRNA method (Smith 
et al., 2000). This consists in producing a double-stranded 
RNA of the target gene(s) by means of a construct comprising 
a sense fragment and this same fragment in the antisense 
orientation, the two being separated by an intron (Wesley et 
al., 2001; Wang et al., patent application, 1999). Said con 
struct is preferably under the control of a promoter enabling 
trichome-specific expression. 
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0090 However, the present invention also considers any 
means known to those skilled in the art for blocking the 
endogenous terpene production pathway in trichomes. In 
fact, it is important to specify that the TPS gene silencing 
method can be accomplished by other approaches. For 
example, it can consist in creating a library of deletion 
mutants by irradiation, for example with gamma rays or fast 
neutron radiation. The deletions affecting a given locus can be 
detected by various methods on the DNA extracted from the 
mutants (Tissier & Montané, 1999). One advantage of radia 
tion mutagenesis is the possibility of isolating deletions cov 
ering an entire gene cluster. This is particularly relevant in the 
case of the cembrane synthases of Nicotiana, since the genes 
encoding these enzymes form a family of very similar genes 
clustered on one locus (Tissier et al., 2004; Sallaud et al., 
unpublished data). 
0091. The present invention also concerns a transgenic 
seed or plant according to the invention additionally compris 
ing a transgene coding for a terpene modification enzyme. 
0092. In particular the invention concerns a plant in which 
the endogenous diterpene synthesis pathway is blocked in the 
trichomes. Said plant represents an important intermediate 
for preparing the final plant capable of producing the terpene 
of interest. In fact, said plant can be obtained by crossing a 
plant capable of producing the terpene of interest with a plant 
in which the endogenous diterpene synthesis pathway is 
blocked in the trichomes. More particularly, then, the inven 
tion concerns a plant in which the endogenous diterpene 
synthesis pathway is blocked in the trichomes. The invention 
also concerns the use of a transgenic plant in which the 
endogenous diterpene synthesis pathway is blocked in the 
trichomes for preparing a transgenic seed or plant comprising 
an expression cassette containing a polynucleotide sequence 
encoding a heterologous terpene synthase enabling the Syn 
thesis of a terpene of interest under the control of a promoter 
enabling an expression in the trichomes. The invention fur 
ther concerns a method for preparing a transgenic seed or 
plant in which the endogenous diterpene synthesis pathway is 
blocked in the trichomes and which is capable of producing a 
terpene of interest comprising crossing a transgenic plant in 
which the endogenous diterpene synthesis pathway is 
blocked in the trichomes with a transgenic plant comprising 
an expression cassette containing a polynucleotide sequence 
encoding a heterologous terpene synthase enabling the Syn 
thesis of a terpene of interest under the control of a promoter 
enabling an expression in the trichomes. 
(0093. Yet another object of the invention is a method for 
obtaining transformed plants characterized in that it com 
prises the following steps: a) obtaining a recombinant plant 
host cell comprising an expression cassette according to the 
invention; b) regenerating a whole plant from the recombi 
nant host cell obtained in step a); c) selecting plants obtained 
in step b) having integrated an expression cassette Such as 
defined herein. 

0094. The invention also has as object a method for obtain 
ing a transformed plant characterized in that it comprises the 
following steps: a) obtaining a recombinant host cell of Agro 
bacterium tumefaciens according to the invention; b) trans 
forming a plant of interest by infection with Agrobacterium 
tumefaciens recombinant host cells obtained in step a); c) 
selecting plants having integrated into their genome an 
expression cassette Such as defined herein. 
0.095 The invention also has as object a method for obtain 
ing a transformed plant characterized in that it comprises the 
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following steps: a) transfecting at least one plant cell with an 
expression cassette or with a recombinant vector according to 
the invention; b) regenerating a whole plant from the recom 
binant plant cell obtained in step a); c) selecting plants having 
integrated into their genome an expression cassette according 
to the invention. 

0096. Any one of the foregoing methods for obtaining a 
transformed plant can also comprise the following additional 
steps: d) crossing two transformed plants such as obtained in 
step c) with a plant of the same species; e) selecting plants that 
are homozygous for the transgene. 
0097. In a second particular embodiment, any one of the 
foregoing methods for obtaining a transformed plant can also 
comprise the following additional steps: f) crossing a trans 
formed plant obtained in step c) with a plant of the same 
species; g) selecting plants resulting from the cross in step f) 
having conserved the transgene. 
0098. The hybrid transgenic plants, obtained by crossing 
at least one plant according to the invention with another, are 
also part of the invention. 
0099 Lastly, the present invention concerns a method for 
recovering heterologous terpenes or terpenes of interest in the 
trichome exudate of a plant, comprising a) harvesting the 
aerial parts of the plant; b) incubating said aerial parts in a 
Solvent of the low polarity or apolar type; and c) eliminating 
the solvent. Preferably, said plant is a transgenic plant accord 
ing to the invention and in particular tobacco. Aerial parts 
shall be understood to mean preferably the leaves and stems. 
The low polarity solvent can be methylene chloride or chlo 
roform. In a particular embodiment, the solvent is apolar, 
preferably very apolar. For example, the solvent can be pen 
tane or hexane or any solvent having the same polarity, pref 
erably pentane. The incubation step can last from a few sec 
onds with shaking to several hours in a bath without shaking. 
Preferably, the chosen solvent is volatile at room temperature 
and is chemically inert towards the terpenes of interest. Pref 
erably, the solvent is eliminated by evaporation thereof. How 
ever, any method whereby the solvent is eliminated is encom 
passed in the invention. 
0100 Moreover, the inventors have discovered that plants, 
in which the production of a compound having antibiotic 
properties at the leaf Surface is blocked, display an enhanced 
efficiency of transformation by a bacterium enabling DNA 
transfer into plant cells. The compound can have antibacterial 
properties. In a preferred embodiment, the blocked produc 
tion of the compound is specific of the trichomes. 
0101. In fact, terpenes, particularly those secreted at the 
leaf surface, are compounds which often have antibiotic 
activity (see for example the references: Trombetta et al., 
2005; Chorianopoulos et al., 2004; Friedman et al., 2004: 
Rios & Recio, 2005; Saroglou et al., 2005). Consequently, the 
presence of said terpenes having antibiotic activity represents 
an obstacle to the transformation of said plants by bacteria 
used for this purpose, in particular of the genus Agrobacte 
rium, Rhizobium, Mesorhizobium or Sinorhizobium 
(Broothaerts et al., 2005). This is because said molecules will 
inhibit the proliferation of the bacteria during transformation 
and thereby inhibit DNA transfer into the plant cells. As a 
result, the elimination of said terpenes having antibiotic activ 
ity could either make it possible to transform recalcitrant 
species, or increase the transformation frequencies of hard 
to-transform species. 
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0102 Preferably, said bacterium belongs to the genus 
Agrobacterium, in particular Agrobacterium tumefaciens, 
Rhizobium, Sinorhizobium or Mesorhizobium. 
0103) The compound having antibiotic properties can be a 
terpene. For example, it can be a diterpene. In a preferred 
embodiment, the compound is CBT-diol. In this case, the 
production of this terpene can be blocked by blocking the 
expression of endogenous terpene synthases in the trichomes, 
in particular a diterpene synthase, preferably cembratriene-ol 
synthase. The means available to carry out this block have 
been described in detail hereinabove. In particular, these 
include physicochemical mutagenesis of the gene, deletion of 
the gene, insertional mutation thereof or “gene silencing. 
The latter method is preferred. 
0104. Alternatively, the compound having antibiotic prop 
erties can be one of the following compounds, the list of 
which is not exhaustive: C-pinene, myrcene, ocymene, C-ter 
pinene, p-cymene, carvacrol, thymol, linalool, camphor, ter 
pineol. 3-caryophyllene, caryophyllene oxide, patchoulol. 
germacrenes (A, B, C or D), B-selinene, cadinene, bisab 
olenes (C. B. Y), bisabolol, Santalenes (C. et B), Santalols, etc., 
but also the sesquiterpene lactones present in many Aster 
aceae species. 
0105. The present invention therefore relates to the use of 
one such transgenic plant for transforming said plant with a 
bacterium enabling DNA transfer into plant cells. The inven 
tion also relates to a method for transforming a plant, said 
plant exhibiting a blocked production of a compound having 
antibiotic properties at the leaf Surface, comprising contact 
ing a bacterium enabling DNA transfer into plant cells and 
carrying a transgene with a cell of said plant. Preferably, the 
cell of said plant is comprised in a leaf fragment, in particular 
a leaf disc. Yet another object of the invention is a method for 
obtaining transformed plants characterized in that it com 
prises the following steps: a) obtaining a recombinant host 
cell of a bacterium enabling DNA transfer into plant cells 
comprising a transgene, preferably Agrobacterium tumefa 
ciens; b) transforming a plant exhibiting a blocked production 
of a compound having antibiotic properties at the leaf surface 
by infection with the recombinant bacterial host cells 
obtained in step a); c) selecting plants having integrated the 
transgene into their genome. The foregoing method for 
obtaining a transformed plant can also comprise the following 
additional steps: d) crossing two transformed plants such as 
obtained in step c) with a plant of the same species; e) select 
ing plants that are homozygous for the transgene. In addition, 
the method can comprise the following additional steps: f) 
crossing a transformed plant obtained in step c) with a plant of 
the same species; g) selecting plants resulting from the cross 
in step f) having conserved the transgene 
0106 The present invention concerns the use of a plant, in 
which the pathway for producing endogenous diterpenes, in 
particular CBT-diol, is blocked in the trichomes, for identi 
fying the function of terpenoid biosynthetic genes. More 
particularly, the CBT-diol production pathway can be 
blocked by blocking the expression of cembratriene-ol syn 
thase. 
0107. Other aspects and advantages of the invention will 
become apparent in the following examples, which are given 
for purposes of illustration and not by way of limitation. 

DESCRIPTION OF FIGURES 

0.108 FIG. 1: Non-specific taxadiene synthase expression 
cassette in cells of tobacco. 
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0109 FIG. 2: Taxadiene synthase expression cassette in 
tobacco trichomes. 
0110 FIG. 3: RNAi construct for NsTPS gene silencing. 
0111 FIG. 4: Casbene synthase expression cassette in 
tobacco trichomes. 
0112 FIG. 5: Taxadiene secretion in lines expressing taxa 
diene synthase under the control of the 35S or NsTPS-02a 
promoter. The constructs with 35S or NsTPS-02a promoter 
controlling taxadiene synthase expression, were cloned into 
the genome of Nicotiana Sylvestris. Taxadiene secreted in the 
exudate of plants carrying a single copy of the transgene was 
extracted with pentane and quantified by GC-MS. The taxa 
diene contentis expressed ing/goffresh matter. A total of 12 
and 5 plants were analysed for the S and NsTPS-02a pro 
moter, respectively. (TS: Taxadiene Synthase, WT: Wild 
Type) 
0113 FIG. 6: CBT-diol secretion in plants expressing the 
ihpTPS RNAi. CBT-diol was extracted from Nicotiana 
Sylvestris exudate with pentane and quantified by GC-MS. 
The CBT-diol content was set at 100% for WT. Plants (Ti) 
originating from the descendants of transformants are repre 
sented by ihpTPS. 
0114 FIG. 7: Effect of 35S promoter enhancer on expres 
sion in the trichomes. Total RNA from tobacco leaves (N. 
Sylvestris) was extracted and converted to complementary 
DNA by reverse transcription. The expression ratio was deter 
mined by quantitative duplex PCR (VIC fluorophore for 
CYP71D16 and FAM for the transgene). N=5 plants were 
analysed. (e35S: enhancer of promoter 35S, p: promoter). 
0115 FIG. 8: Outline of the steps leading to taxadiene 
production in tobacco trichomes (Nicotiana Sylvestris). 
GGPP: geranylgeranyl pyrophosphate; CBT-ol: cem 
bratriene-ol; CBT-diol: cembratriene-diol; CBTS: cem 
bratriene-ol synthase; CBTol-OH: cembratriene-olhydroxy 
lase. Prom: designates a promoter enabling expression in 
trichomes, preferably in a specific manner. TS: taxadiene 
synthase; term: transcription terminator. CBTS RNAi desig 
nates a tobacco plant in which the genes enabling CBTS 
synthesis have been silenced by a construct of the ihpRNA 
type (see example). 
0116 FIG.9: Outline of the steps leading to monoterpene 
production in tobacco trichomes (Nicotiana Sylvestris). Leg 
end: GGS:geranylgeranylpyrophosphate synthase; GS:gera 
nylpyrophosphate synthase and idem FIG. 7. 
0117 FIG. 10: Outline of the steps leading to sesquiter 
pene production in tobacco trichomes (Nicotiana Sylvestris). 
Legend: FS: farnesylpyrophosphate synthase and idem FIGS. 
7 and 8. 
0118 FIG. 11: Outline of the steps leading to triterpene 
production in tobacco trichomes (Nicotiana Sylvestris). 
0119 FIG. 12: Illustration of the increased efficiency of 
genetic transformation obtained on leaf discs from the leaves 
of N. Sylvestris plants in which CBT-diol production was 
sharply reduced. The photograph was taken three weeks after 
co-culture with the same Agrobacterium tumefaciens strain 
containing a kanamycin resistance gene and a transgene of 
interest. WT. N. Sylvestris; ihpTPS: N. Sylvestris containing 
the ihpTPS transgene. 
0120 FIG. 13. FIG. 13A. TS: Chromatogram of exudate 
from plants expressing taxadiene synthase alone. Taxadiene 
was detected in the exudate by GC/MS by extracting the ion 
122, characteristic of taxadiene. FIG.13B.TS+T5H: GC-MS 
chromatogram (ion extracted: 191) of exudate from plants 
expressing taxadiene synthase (TS) and taxadiene 5-hy 

Nov. 13, 2008 

droxylase (T5H). Taxadiene was no longer visible and no 
other product was visible other than CBT-diol. FIG. 13C. 
TS+ihpTPS. GC-MS chromatogram (ion extracted: 122) of 
exudate from plants expressing TS in an ihpTPS background. 
CBT-diol was eliminated, facilitating the detection of taxadi 
ene. FIG. 13D. TS+T5H+ihpTPS. GC-MS chromatogram 
(ion extracted: 191) of exudate from plants expressing TS and 
T5H in an ihpTPS background. CBT-diol was no longer 
detectable, but a peak corresponding to an oxidized taxadiene 
(product of the action of taxadiene 5-hydroxylase on taxadi 
ene) was easily detected. 

EXAMPLES 

Production of Taxadiene in the Tobacco Plant Nicoti 
ana Sylvestris by Expression of Taxadiene Synthase 

Under the Control of a Non-Specific Promoter 
I0121 The constructs described below enabled an expres 
sion in all the cells of the plant, including in the trichomes. 
Said expression is described as non-specific of trichomes. 

Expression Vector 
0.122 The expression cassette was constructed as follows 
(see diagram in FIG. 1): 
I0123. A constitutive promoter of the type 35S (extracted 
from cauliflower mosaic virus) well known to those skilled in 
the art. 
0.124 Taxadiene synthase cDNA. 
I0125. The OCS terminator (extracted from octopine syn 
thase gene of an Agrobacterium tumefaciens Tiplasmid) well 
known to those skilled in the art. 
0.126 The sequence of this construct is given in sequence 
SEQID No 1. 

Analysis of Transformed Plants 
I0127. The regeneration process led to the isolation of 
transgenic plants expressing taxadiene synthase. Plants con 
taining a single copy of the transgene were selected and 
analysed by gas chromatography coupled to mass spectro 
metric detection (GC-MS). The exudate of said plants con 
tained 14+3 ug/g of FM (freshmatter) (FIG. 5). The growth of 
these plants was slower than the wild-type control (non-trans 
formed) making it unsuitable for culture. These effects have 
previously been observed in the case of diterpene synthase 
overexpression in the tomato or Arabidopsis thaliana and are 
attributed to the decrease in the available GGPP pool in trans 
genic plants (Fray et al., 1995: Besumbes et al., 2004). GGPP 
is an important metabolite in the synthesis of hormones Such 
as the gibberellins and abscisic acid. 
Trichome-Specific Production of Taxadiene in the Tobacco 
Nicotiana Sylvestris. 
I0128. In this example, taxadiene synthase was placed 
under the control of the trichome-specific promoter NsCBTS 
02a (Tissier et al., 2004; patent No. FR 0410799) so as to 
restrict the production of taxadiene to the trichomes. 

Expression Vector 
I0129. The expression cassette was constructed as follows 
(see diagram in FIG. 2): 
I0130. The 1 kilobase NsCBTS-02a promoter. 
I0131 Taxadiene synthase cDNA. 
(0132) The NsCBTS-02a gene terminator 
I0133. The sequence of this construct is given in sequence 
SEQID No 2. 



US 2008/0281135 A1 

Analysis of Transformed Plants 

0134. The regeneration process led to the isolation of 
transgenic tobacco plants expressing taxadiene synthase spe 
cifically in the trichome secretory cells. Plants containing a 
single copy of the transgene were selected. GC-MS analysis 
of the exudate revealed a taxadiene content similar to that 
measured in the case of non-specific expression of taxadiene 
synthase under control of the 35S promoter (10+1 ug/g of 
FM, FIG. 5). The growth of these plants was identical to that 
of the wild-type (non-transformed) plants. Moreover, the 
flowers had normal fertility. This shows that the trichome 
specific synthesis of taxadiene did not have any deleterious 
effect on the plant, and therefore demonstrates the superiority 
of trichome-specific expression over non-specific expression. 
Increased Taxadiene Production in Nicotiana Sylvestris Tri 
chomes by Inhibition of Expression of NSCBTS Genes 
0135 The NSCBTS genes were inactivated by gene silenc 
ing, which involves the mechanism of RNA interference (re 
viewed in Baulcombe, 2004). Silencing was carried out by the 
intron-spliced hairpin RNA or ihpRNA method (Smith et al., 
2000). It consists in producing a double-stranded RNA of the 
target gene or genes by means of a construct comprising a 
sense fragment and this same fragment in the antisense ori 
entation, the two fragments being separated by an intron 
(Wesley et al., 2001; Wang et al., patent application 1999). 
More specifically, the cassette was constructed as follows 
(FIG. 3): 
0136. A 1.7 kb fragment of the NSCBTS-02a promoter 
(patent No. FR 0410799). 
0.137 A fragment comprising exon 2 and intron 2 of the 
NSCBTS-02a gene followed by exon 2 of this same gene in 
the antisense orientation. 

0.138. The NOS terminator. 
0139 Transformation of said cassette by Agrobacterium 
tumefaciens yielded transgenic plants expressing the ihpRNA 
construct for the CBTS genes. Plants containing a single copy 
of the transgene were selected. The descendants of these 
plants were analysed for CBT-diol content. FIG. 6 shows that 
CBT-diol secretion was almost completely blocked in ihpTPS 
plants (0.1 to 1% of WT). 
0140 Said plants were then crossed with plants expressing 
taxadiene synthase specifically in the trichomes (see herein 
above). In the descendants of this cross, plants carrying both 
constructs were selected on selective media and analysed for 
taxadiene content by GC-MS. 
0141 Taxadiene production in these plants was approxi 
mately 30 times higher than in plants expressing only the 
taxadiene expression cassette under the control of a trichome 
specific promoter. 
Trichome-Specific Production of Casbene in the Tobacco 
Nicotiana Sylvestris. 

Expression Vector 

0142 Trichome-specific expression of casbene synthase 
required the use of the specific promoter NSCBTS-02a in an 
expression cassette as follows (FIG. 4: diagram and 
sequence): 
0143. The 1 kilobase NsCBTS-02a promoter. 
0144. The complete cINA of casbene synthase. 
(0145 The NSCBTS-02a terminator 
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Analysis of Transformed Plants 
0146 The regeneration process led to the isolation of 
transgenic plants expressing casbene synthase specifically in 
the trichome secretory cells. GC-MS analysis of plants con 
taining a single copy of the transgene revealed a casbene 
content of approximately 15ug/g of FM. The growth of these 
plants was identical to that of wild-type (non-transformed) 
plants. This confirms, as for taxadiene, that the specific Syn 
thesis of casbene synthase in trichomes has no deleterious 
effect on the plant. 

Increased Expression of a Transgene by Using a 35S Tran 
Scriptional Activator (Enhancer) 
0147 The expression of taxadiene synthase under the con 
trol of the 1.8 kb promoter of the CYP71D16 gene was 
compared with expression of the gene encoding taxadiene 
5C-hydroxylase under the control of the same promoter but 
preceded by an enhancer of the 35S promoter (SEQID No. 9). 
Quantitative analysis of expression was carried out by real 
time quantitative PCR and by the use of TaqMan(R) probes 
specific of the genes. The results in FIG. 7 indicate that 
expression of the taxadiene-5C.-hydroxylase gene was 1000 
fold higher than expression of the taxadiene synthase gene. It 
can be deduced that the 35S promoter enhancer was respon 
sible for this activation since the promoters were identical in 
all other respects. 
Increased Efficiency of Genetic Transformation by Agrobac 
terium tumefaciens. 
0.148. A homozygote line carrying the ihpTPS transgene 
(line #804) was generated from Nicotiana Sylvestris. This line 
no longer produces CBT-diol at the leaf surface (see FIG. 6). 
Leaf discs obtained from leaves of N. Sylvestris and from line 
#804 were infected with different strains of Agrobacterium 
tumefaciens containing a T-DNA carrying a kanamycin resis 
tance gene and different transgenes of interest (Table 2). After 
three days of co-culture with Agrobacterium tumefaciens, the 
leaf discs were transferred to selective medium containing 
kanamycin (150 mg/L). After four weeks of selection, a larger 
number of resistant calluses appeared on leaf discs from line 
#804 (FIG. 12). Altogether, the number of transformed plants 
obtained with line #804 was 5 to 10 times higher than with the 
N. Sylvestris control. These findings were confirmed by sev 
eral experiments using Agrobacterium strains carrying differ 
ent transgenes (Table 2). In conclusion, eliminating CBT-diol 
secretion at the leaf surface improves the efficiency of genetic 
transformation. 
Identification of the Function of a Gene Encoding a Cyto 
chrome P450 Monooxygenase from Yew. 
0149. A transgene coding for taxadiene synthase (NID: 
U48796) under the control of a trichome-specific promoter 
(patent application No. FR 0410799) and a transgene coding 
for a taxadiene 5-hydroxylase (T5H, NID: AY289209) under 
the control of the same promoter were introduced by Agro 
bacterium tumefaciens into N. Sylvestris and into line ihpTPS 
(#804). The exudate of the leaves of transformed plants was 
extracted by soaking the leaves in pentane. The compounds 
present in the exudate were analysed by gas chromatography 
followed by mass spectrometric detection (GC-MS). Plants 
containing only the taxadiene synthase transgene produced 
taxadiene in the exudate (FIG. 13A). Plants containing both 
transgenes did not produce taxadiene, confirming that taxa 
diene is the substrate of T5H. In ihpTPS plants, a new major 
product became highly visible on the GC-MS chromatogram 
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(FIG.13D). Due to the abundance of CBT-diol in the exudates 
of N. Sylvestris plants, said product was not detectable in these 
plants which also contained the two transgenes (FIG. 13B). In 
conclusion, the very low levels of CBT-diol in the exudate of 
the ihpTPS line made it easier to identify the product of an 
enzyme expressed in the trichomes and therefore to deter 
mine the function of the corresponding genes. Furthermore, 
the product can also be purified easily, thereby enabling the 
characterization and production thereof. 
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TABLE 1. 

Gene Transformed 
abbreviation Name of gene Plants Promoter (bp) plant Expression References 

LTP3 Lipid transfer Cotton 1548 Tobacco Trichomes, peripheral Liu et al., 2000, BBA, 
protein 1143 epidermis of leaves 1487: 106111 

614 and vascular tissues 
LTP6 Lipid transfer Cotton 447 Tobacco Trichomes and stomata Hsu et al., 1999, Plant 

protein 272 guard cells Science, 143: 6370 
wax9D Lipid transfer Brassica 972 Tobacco Epidermis of leaves, Pyee and Kolattukudy, 

protein oleracea stems and flowers, 1995, Plant J. 7:4559 
petals, sepals, ovules, 

LTP1 Lipid transfer Arabidopsis 1149 Arabidopsis Epidermal cells of Thoma et al., 1994, 
protein various tissues Plant Physiol. 105 

3545 
CYC71D16 CBTO Tobacco 1852 Tobacco Trichomes Wang et al., 2002, J. 

hydroxylase Exp. Bot. 1891 1897 

0185. Turner GW, Gershenzon J. Croteau R (2000) Devel- Table 2. 
opment of peltate glandular trichomes of peppermint. 0193 Comparison of transformation efficiency for N. 
Plant Phys. 124:665-680. 

0186 Wagner GJ. Wang E. Shepherd RW (2004) New 
approaches for studying and exploiting an old protuber 
ance, the plant trichome. Annals of Botany 93:3-11. 

0187 Wang E. Wang R, DeParasis J. Loughrin J H. Gan S, 
Wagner GJ (2001) Suppression of a P450 hydroxylase 
gene in plant trichome glands enhances natural-product 
based aphid resistance. Nat. Biotechnol. 19:371-374. 

0188 Wang E. Wagner GJ (2003) Elucidation of the func 
tions of genes central to diterpene metabolism in tobacco 
trichomes using posttranscriptional gene silencing. Planta 
21 6:686-691. 

Sylvestris versus line #804. Km: Kanamycin; No.: number; 
#804: N. Sylvestris carrying the ihpTPS transgene. Legend of 
transgenes. FPS: gene (Genbank accession No. AF048747) 
encoding farnesyl pyrophosphate synthase of tomato; 
TPFPS: FPS with a chloroplast transit peptide. SSTLH: gene 
(Genbank accession No. AF279455) encoding germacrene 
synthase of tomato. TPSSTLH: SSTLH with a chloroplast 
transit peptide. Casbene: gene (Genbank accession No. 
L32134) encoding casbene synthase of castor oil plant. GUSi: 
Escherichia coliuidA gene with an intron to prevent expres 
sion in bacteria. 

No. of 
No. of No. of plants plants 

Exp Agrobacterium T-DNA leaf obtained (N. obtained 
N strain resistance Transgene discs Sylvestris) (#804) 

1 LBA4404 Km FPS - SSLTH 1OO 4 41 
LBA4404 Km Casbene 65 3 27 

3 LBA4404 Km GUS/TPFPS. 140 9 40 
TPSSTLEH 
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attctaatga atatat cacc cqttact atc g tatttittat gaataatatt citc.cgttcaa 42OO 

tttactgatt gtaccc tact acttatatgt acaat attaa aatgaaaa.ca atatattgttg 426 O 

ctgaataggit ttatagogac atctatogata gag cqccaca ataacaaaca attgcgttitt 432O 

attattacaa atccaattitt aaaaaaag.cg gcagaac cqg tcaaacctaa aag actgatt 438 O 

acataaatct tatt caaatt toaaaagtgc cccaggggot agtat citacg acacaccgag 4 44 O 

cggcgalacta atalacgctica citgaagggaa citc.cggttcc cc.gc.cggcgc gcatgggtga 4500 

gatt CCttga agttgagt at ticcgt.ccg. Ctctaccgaa agttacgggc acc attcaac 456 O 

ccggtc.ca.gc acggcggc.cg ggit aaccgac ttgctgc.ccc gagaattatg cagcatttitt 462O 

ttggtgtatgttggc.cccaa atgaagtgca ggtcaaacct tacagtgac gacaaatcgt. 468O 

tgggcgggtc. Cagggcga at tittgcgacaa cagtctgcag 472 O 

<210 SEQ ID NO 2 
<211 LENGTH: 4225 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: taxadiene synthase expression cassette 
&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (4O28) . . (4028 ) 
<223> OTHER INFORMATION: n = a, t, g or c 

<4 OO SEQUENCE: 2 

gaattcaatt tattitttgta aaactitct ct aatttittgga caaact citta tattgattitt 6 O 

ttaatcgaag ccaaaatatt tatttaacta tdaaaaaatt ttaacaacta atttatt atg 12 O 

gtaaataata ttgatatggit aacttcaa.gc acatgacaaa aattata act aactgcagaa 18O 

gtttattgtc. tct ctdaatc ttgtggctat at cataacaa at acttgtag ctaataagcc 24 O 

aacgatgttct cqgttt cat ataatttgaa ttittaaaata gtttittaaat ttaat attta 3OO 

tittcaaatca ttattgttggc taa catgtta taatcgcagt aatatttgga gatgcaatac 360 

titat atttag ctacaaaatt ttattgtatic agaataagtt togtagctatt aagttagttt 42O 

ttgccacaaa tttittata at tdaagcaaaa atact tatto agctacagta ttttgtatcg 48O 

agtaat attt tdtgactaga agattaat at tdctacagta atttcagacg tdtggcaaaa 54 O 

act cataatt agctacaaaa tattgtcgta gcaataattt tittatat ct a ttaatgcaat 6OO 

tattac taca togcttittata acttgaggca aaaataticta atagotataa cattttgtta 660 

gaagtaattt ttgtggctat aaaattggta ttgctacagt aatttcaaat gcgtggcaaa 72 O 

aaaatacgat taactacgaa attittattgt agcaataact ttgtagctat ttggg taata 78O 

ttgctacgac agittagcaat tatagcaaaa atgccaaatc agctttgtca atttaattitt 84 O 

gtagctaatt tttittatgaa attgtaaata gctatgaaat tittaatttitt gtggctattg 9 OO 

t cagg tatta gccacatata gctaagaatt tdtagctata tatacataat gttgtag togg 96.O 

caaattictaa cattgtacgc titggctg.ccc titttittttitt ttittggctac aaaactictaa 1 O2O 

agtaaaggaa citagaaaact cqtttggcga gagaaagaga gagcc atggc ticagotctica 108 O 

tittaatgcag cqctgaagat gaacgcattggggaacaagg caatccacga t c caacgaat 114 O 

tgcagagc.ca aatctgagcg C caaatgatg tdggtttgct C cagat Cagg gcgalaccaga 12 OO 

gtaaaaatgt cagaggaag tigtggtc.ct ggt Cotgtcg taatgatgag cagcagdact 126 O 
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aaccittagat tdtgtgtc.ca aatcttttac aagtttatag atggg tacgg aatcgc.caat 36OO 

gaggagatta aggact at at aagaaaagtt tat attgat C caattcaagt atgaggit acc 366 O 

ttatatataa caatgcagac acaccittcaa agctgagtat ttggagcaaa tatggaagca 372 O 

ttttgt attgtc.catgtaac ctataagt ca cqtgtttggg caatggcaac atttactaat 378 O 

atttgcatta togg taggttg tttacat cac accitatcggg gg.cgaccct t c ctaalacct g 384 O 

acatgaatgt gtgatgctty gtgcacctgg cqgct cattt ttact atttic actgttacaa 3900 

cittatttgga cqgttgttac ctattgaatc atgtag tatt gttacttgaa tacaatgttt 396 O 

attittaatta t tacttaa at tittatt citat catat cqtta aatc.cat cat tacgtaacaa 4 O2O 

tgaaaagngt cactitt atgg aatgacggat ttagtgtggit ggtgt cattt CCttgcattt 4 O8O 

ttct ct catc ttgacct tcc titatt attag ataat catct tittat cattt atcct actitt 414 O 

ttatacaata attctact col at atcc tatt ttitt cittagt aatgttgcaa gtttatt citt 42OO 

catattgtta gtgcgt attg gatcc 4225 

<210 SEQ ID NO 3 
<211 LENGTH: 344 O 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: RNAi construct for NsTPS gene silencing 

<4 OO SEQUENCE: 3 

gagctcaaag aggtgaaacc taatc tagta togcaaac cat gttaa attct caattgttitt 6 O 

gatagataat gagttittctgataattaata aattattaga taattaaagg accaaattta 12 O 

tatgacttitt gttttittatc atc.ttgat ca tatatacaat gtaatggata caa.gcttata 18O 

gttgtataaa ttctatataa ttagttatt catacattaat tagatatatt caattgttct 24 O 

ttataaatat aattcaaacc togaaagcaat act tattittg taagaattgc aatattgtta 3OO 

ttttgttatg gacittaaata ttaac catgt tataatc.tta agtttatatt attagaaaaa 360 

cittagtttitt gaaagacitaa tatgaacatt agtact tatt toaaaaataa gogcttagat 42O 

atatgaaatt actittaagta cittatttalaa ataattaagt accacacata catacatatic 48O 

tctacaaact gttaaagttt totatatgag tact tattitt aaaataagag cataaatata 54 O 

ataaattatgttaaattctt atttaaaata ataaagg acc aaa catgcat aaaataaagt 6OO 

atgagcttaa taagttcaaga agctaattga taa.gcattga tigccaaatgc act tactaac 660 

tgttctatat tdtaggaaaa atctaactitt tat attaaaa atttattitt cataaaacttic 72 O 

cctaatttitt gaacaaaatc titatattgat tttittaatca aagccaaaat atttatttaa 78O 

citatgaaaat tttittaacaa ctaatttatt atggtaaata at attgatat gigtaactitt c 84 O 

agcacatgac aaaaattata actaactgca gaagtttact gtc.tc.tctga atc.ttgttggc 9 OO 

tatgtcattc tat cataa.ca aatacttgta gctaatacgc caacgatgtt citcgattitca 96.O 

tataatttga attittaaaat agcttittaaa tittaatattt atttcaaatc attattgttga 1 O2O 

ctaa catgtt at aaccogcag taatatttgg agatgcaata cittatattta gctacaaaat 108 O 

tittattgtat cataataagt ttgtagct at taagttagtt tttgccacaa atttittataa 114 O 

ttgaagcaaa aatacctatt caact acaat attttgtatic gagtaatatt ttgttgac tag 12 OO 

aagattaata ttattacagt aatttctgac gtgtggcaaa aact cataat tat ctacaaa 126 O 
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at attgtcgt agcaataatt ttittatat ct attaatccaa ttattgctac atgctttitat 32O 

aacttgaggc aaaaatat ct atttagctat aacattttgt tagaagtaat ttttgttgact 38O 

ataaagttgt tattgctaca gtaatttcaa atgcgtggca aaaaaaatac gattagctac 44 O 

gaaattitt at tdtagcaata aatttgtagc tatttgggta at attgctac gacagttagc SOO 

aattatagca aaaatgctaa at cagctttgtcgatttaat tttgtagcta atttitttitat 560 

gaatttgtaa atagot atga aattittaatt tttgtggcta ttgttaggta ttago cacat 62O 

atagotaaga atttgtagct atatatacat aatgttgtag toggcaaattic taacattgta 68O 

agcttggctg cctttitttitt tttittgggct acaaaactict aaagtaaagg aac tagaaaa 74 O 

Ctcgtttggc gagagaaaga gggat.ccctg. Caggaaatta ct acc Caaga gaaaaatgaa 8OO 

Catgaaatgc taaaagaaat agttctggaaa atgttggtag aaact coaga taatagtaca 86 O 

caaaaactag tottgattga cacaattcaa agattgggat tag catat catttcaatgat 92 O 

gagattgaaa act coattica aaa catctitt aatttgtctic aaaatagtga agatgacgat 98 O 

gaacacaa.cc tittatgttgc tigctic titcgt titt cqacttig cigaggcaa.ca aggat attac 2O4. O 

atgtc.ttcag gtacct taca tttctg.ccct titc.ccgcaca gct tcatttt ttitt.cgttgt 21OO 

taaaagacag titcggcgcat aaaat atcto atgtatacgc agggit cagga Calaccgc.cc 216 O 

c caaggggtg taaagtatgc aacttaccct aatactaaat atctogtgta tacacagggit 222 O 

Caggacaagt cqC acc caag gggtgtaatg tag acaactt atcCtaatgc tattagtaac 228O 

tgattittatg gct cqaacac ataaattata ggit cacacag taacaactitt accqttgctic 234 O 

aaag acticgc ct tcct ctitt ttittagttat cqcaccittat ttgtgcagag aatagcaagt 24 OO 

titcgagat cit gcttctatat agaag acttic tdt attatac titttittattt tdtcc ttctg 246 O 

cittaaaaata gtaaaaaact at agtgtgga aattgtaaat ttcttaact a gctgtgaaat 252O 

caaatagitta ttataggaat attatttalag act coactta toggaaaacca citgggttgtt 2580 

gttgttattgtcaataataa cittgggg tac gatt tacttic tttitt coat g gcttgtccac 264 O 

gactatatt c ct attaacaa togttgttgact atgctitt citt tdagt.cgagg gttctattgat 27 OO 

aacaggct ct cqatctttac aaggtaaaag taatgtctgc gtacacactic tactic cqcag 276 O 

actic cacttg taggattitca citgaatattt tttgttgttgttgttgttgt aataact tag 282O 

ggtttaattt cittgatgcta atgaaattica tttctittcaa aatataalaca toggtgttcaa 288O 

ccagatgtgt toaa.gcaatt cactalaccat gag tact tac ctdaaga cat gtaatat cot 294 O 

tgttgcct cq Caagtcgaaa acgaagagca gcaa.cat aaa ggttgttgttc atcgt. Catct 3 OOO 

t cactattitt gagacaaatt aaagatgttt tdaatggagt tittcaat ct c at cattgaaa 3 O 6 O 

tgatatgcta atcc caatct ttgaattgtg tdaat caaga citagtttittg td tact atta 312 O 

tctggagttt ctaccaac at titt cogaact atttcttitta gcattt catgttcatttitt c 318O 

t cittgggtag taattt cotc gaggtttctt aagattgaat cct gttgcc g g to ttgcgat 324 O 

gattat cata taatttctgt tdaattacgt taa.gcatgta ataattaa.ca totaatgcat 33 OO 

gacgittattt atgagatggg tttittatgat tagagtic ccg caattataca tittaatacgc 3360 

gatagaaaac aaaatatagc gcgcaaacta ggataaatta t cqcgc.gcgg tt Catctat 342O 

gttact agat cqggtctaga 344 O 

<210 SEQ ID NO 4 
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<211 LENGTH: 3442 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: Casbene synthase expression cassette in 
tobacco trichomes 

&220s FEATURE: 

<221 NAMEAKEY: misc feature 
<222> LOCATION: (3245) . . (3245) 
<223> OTHER INFORMATION: n = a, t, g or c 

<4 OO SEQUENCE: 4 

gagct caatt tattitttgta aaactitct ct aatttittgga caaact citta tattgattitt 6 O 

ttaatcgaag ccaaaatatt tatttaacta tdaaaaaatt ttaacaacta atttatt atg 12 O 

gtaaataata ttgatatggit aacttcaa.gc acatgacaaa aattata act aactgcagaa 18O 

gtttattgtc. tct ctdaatc ttgtggctat at cataacaa at acttgtag ctaataagcc 24 O 

aacgatgttct cqgttt cat ataatttgaa ttittaaaata gtttittaaat ttaat attta 3OO 

tittcaaatca ttattgttggc taa catgtta taatcgcagt aatatttgga gatgcaatac 360 

titat atttag ctacaaaatt ttattgtatic agaataagtt togtagctatt aagttagttt 42O 

ttgccacaaa tttittata at tdaagcaaaa atact tatto agctacagta ttttgtatcg 48O 

agtaat attt tdtgactaga agattaat at tdctacagta atttcagacg tdtggcaaaa 54 O 

act cataatt agctacaaaa tattgtcgta gcaataattt tittatat ct a ttaatgcaat 6OO 

tattac taca togcttittata acttgaggca aaaataticta atagotataa cattttgtta 660 

gaagtaattt ttgtggctat aaaattggta ttgctacagt aatttcaaat gcgtggcaaa 72 O 

aaaatacgat taactacgaa attittattgt agcaataact ttgtagctat ttggg taata 78O 

ttgctacgac agittagcaat tatagcaaaa atgccaaatc agctttgtca atttaattitt 84 O 

gtagctaatt tttittatgaa attgtaaata gctatgaaat tittaatttitt gtggctattg 9 OO 

t cagg tatta gccacatata gctaagaatt tdtagctata tatacataat gttgtag togg 96.O 

caaattictaa cattgtacgc titggctg.ccc titttittttitt ttittggctac aaaactictaa O2O 

agtaaaggaa citagaaaact cqtttggcga gagaaagaga gagcc atggc attgc catca O8O 

gctgctatgc aatccaac cc tdaaaagctt aact tatttic acagattgtc. aagcttaccc 14 O 

accactagot toggaatatgg caataatcgc titc cctittct titt cotcatc. tcc caagtica 2OO 

cactittaaaa aaccaactica agcatgttta t cotcaacaa cccaccalaga agttcgt.cca 26 O 

ttagcatact titcctic ctac tdtctgggg.c aatcgctittg citt cottgac cittcaatcca 32O 

tcggaatttgaatcgt atga tigaacgggta attgttgctga agaaaaaagt taaggacata 38O 

ttaattt cat ctacaagtga titcagtggag accottattt taatcgactt attatgtcgg 44 O 

cittgg.cgitat catat cactt togaaaatgat attgaagagc tactaagtaa aatcttcaac SOO 

tcc.ca.gc.ctg accttgtcga tigaaaaagaa tdtgat citct acactg.cggc aattig tatt c 560 

cgagttitt ca gacago atgg ttittaaaatgtctitcggatg togtttagcaa attcaaggac 62O 

agtgatggta agttcaagga at C cctacgg ggtgatgcta aggg tatgct cagcctttitt 68O 

gaagct tccc atctaagtgt gcatggagaa gacattctitg aagaa.gc.ctt togctitt cacc 74 O 

aaggattact tacagt cct c togcagttgag titatt cocta atctoaaaag goatataacg 8OO 

aacgcc ctag agcagc ctitt C cacagtggc gtgcc.gaggc tagaggc.ca.g. galaattcatC 86 O 

gatctatacg aagctgat at taatgc.cgg aatgaaactic tecticgagtt to aaagttg 92 O 
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gattataata gagttcagtt attgcaccala Caagagctgt gcc agttct C aaagtggtgg 198O 

aaag acct ga atcttgct to ggatatt cot tatgcaa.gag acagaatggc agagattitt c 2O4. O 

ttittgggcag ticgcgatgta Ctttgagcct gactatgcac acaccc.gaat gattattgcg 21OO 

aaggttgt at tdcttatat c actaatagat gatacaattig atgcqtatgc aacaatggag 216 O 

gaaact cata ttcttgctga agcagtcgca aggtgggaca tagctgcct Cagaagctg 222 O 

ccagattaca tdaaagtt at ttataaacta ttgctaalaca cct tctctga atticgagaaa 228O 

gaattgacgg C9gaaggcaa gtcct acago gtcaaatacg galagggaagc gtttcaagaa 234 O 

Ctagtgagag gttact acct ggaggctgta tigcgcgacg agggtaaaat accatcgttc 24 OO 

gatgac tact totataatgg atc catgacc accoggattgc ct citcgt.ctic aac agcttct 246 O 

tt catgggag ttcaagaaat tacaggtotc aacga attcc aatggctgga aactaatcc c 252O 

aaattaagtt atgct tcc.gg togcattcatc cqacttgtca acgacittaac ttct catgtg 2580 

actgaacaac aaagaggaca C9ttgcatct tcatcgact gctatatgaa cca acatgga 264 O 

gttt CCaaag acgaag cagt caaaatactt Caaaaaatgg Ctacagattgttggaaagaa 27 OO 

attaatgaag aatgitatgag gcagagt caa gtgtcagtgg gtcacctaat gagaatagitt 276 O 

aatctggcac gtcttacgga tigtgagttac aagtatggag acggittacac tatt CC cag 282O 

caattgaaac aatttgttaa goggattgttc gttgatccaa tittct atttg agg tacctta 288O 

tatataacaa tdcagacaca cct tcaaagc tigagtatttg gagcaaatat gigaag cattt 294 O 

tg tattgtcc atgtaaccta taagt cacgt gtttgggcaa toggcaa.catt tactaatatt 3 OOO 

tgcattatgg taggttgttt acat cacacic tat cqgggg.c gaccct tcct aaacctgaca 3 O 6 O 

tgaatgtgtg atgcttygtg cacctgg.cgg ct catttitta citattt cact gttacaactt 312 O 

atttggacgg ttgttaccta ttgaat catg tag tattgtt acttgaatac aatgtttatt 318O 

ttaatt atta cittaaattitt attctatoat atcgittaaat ccatcattac gitaacaatga 324 O 

aaaging to ac tittatggaat gacggattta gtgtggtggit gtcattt cot togcatttitt c 33 OO 

t ct catcttg acct tcctta ttattagata atcatcttitt at catttatic ctacttittta 3360 

tacaataatt c tactic cata t cc tatttitt tottagtaat gttgcaagtt tattott cat 342O 

attgttagtg cgt attgtcg ac 3442 

<210 SEQ ID NO 5 
<211 LENGTH: 1068 
&212> TYPE: DNA 

<213> ORGANISM: Nicotiana Sylvestris 

<4 OO SEQUENCE: 5 

aatttattitt cataaaactt citctaattitt tdaacaaaat cittatattga titttittaatc 6 O 

aaagccaaaa tatttattta act atgaaaa ttttittaa.ca actaattitat tatgg taaat 12 O 

aatattgata tdgtaactitc aag cacatga caaaaattat aactaactgc agaagtttac 18O 

tgtc.tc.tctgaat cittgtgg c tatgtcatt citat cataac aaatacttgt agctaatacg 24 O 

c caacgatgt tot cqatttic atata atttgaattittaaaa tagcttittaa atttaatatt 3OO 

tatttcaaat cattattgtg act aa catgt tataaccoca gtaat atttg gagatgcaat 360 

actitat attt agctacaaaa ttittattgta t cataataag tttgtagcta ttaagttagt 42O 

ttittgccaca aatttittata attgaagcaa aaatacct at t caactacaa tattttgtat 48O 
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cgagtaat at tttgttgacta gaagattaat attattacag taattitcaga cqtgtggcaa. 54 O 

aaact cataa ttatctacaa aatattgtcg tag caataat tttittatatic tattaatcca 6OO 

attattgcta catgcttitta taacttgagg caaaaat atc tatttagcta taacattttg 660 

ttagaagtaa tttttgttgac tataaagttgttattgctac agtaattitca aatgcgtggc 72 O 

aaaaaaaata cqattagcta cqaaattitta ttgtagcaat aaatttgtag c tatttgggit 78O 

aatattgcta cqacagttag caattatago: aaaaatgcta aat cagottt gtcgatttaa 84 O 

ttttgtagct aattitttitta tdaatttgta aatagot atgaaattittaat ttttgtggct 9 OO 

attgttaggt attagccaca tatagctaag aatttgtagc tatatataca taatgttgta 96.O 

gtggcaaatt cita acattgt aagcttggct gcc titttittt ttttittggct acaaaactict 1 O2O 

aaagtaaagg alactagaaaa citcgtttggc gagagaaaga gagagatg 1068 

<210 SEQ ID NO 6 
<211 LENGTH: 106 O 
&212> TYPE: DNA 

<213> ORGANISM: Nicotiana Sylvestris 

<4 OO SEQUENCE: 6 

aatttattitt totaaaactt citctaattitt tdgacaaact cittatattga titttittaatc 6 O 

aaagccaaaa tatttattta act atgaaaa aattittaa.ca actaattitat tatgg taaat 12 O 

aatattgata tdgtaactitc aag cacatga caaaaattat aactaactgc agaagttitat 18O 

tgtc.tc.tctgaat cittgtgg ctatat cata acaaatactt gtagctaata agccaacgat 24 O 

gttctic ggitt toatataatt tdaattittaa aatagitttitt aaatttaata tittatttcaa 3OO 

at cattattg toggctaac at gttataatcg cagtaatatt toggagatgca at acttatat 360 

ttagctacaa aattittattg tat cagaata agtttgtagc tattaagtta gtttittgc.ca 42O 

caaatttitta taattgaagc aaaaatactt attcagotac agtattttgt atcgagtaat 48O 

attttgttgac tagaagatta at attgctac agtaattitca gacgtgtggc aaaaact cat 54 O 

aattagctac aaaatattgt cqtagcaata atttitttata t ct attaatg caattattac 6OO 

tacatgcttt tataacttga gqcaaaaata t ctaatagot ataac attitt gttagaagta 660 

attitttgtgg ctataaaatt gg tattgcta cagtaattitc aaatgcgtgg caaaaaaata 72 O 

cgattalacta cqaaattitta ttgtagcaat aactttgtag ctatttgggit aatattgcta 78O 

cgacagttag caattatago: aaaaatgcta aat cagottt gtcaatttaa ttttgtagct 84 O 

aattitttitta tdaaattgta aatagctatog aaattittaat ttttgttggct attgttaggit 9 OO 

attago caca tatagotaag aatttgtagc tatatataca taatgttgta gtggcaaatt 96.O 

ctaacattgt acgcttggct gcc ctitttitt tttitttittgg ctacaaaact ctaaagtaaa 1 O2O 

ggaact agaa alacticgtttg gcgagaga aa gagagagatg 1060 

<210 SEQ ID NO 7 
<211 LENGTH: 106 O 
&212> TYPE: DNA 

<213> ORGANISM: Nicotiana Sylvestris 

<4 OO SEQUENCE: 7 

aatttattitt cqtaaaattt citctaatttg gacaaactict tatattgatt tttittaatca 6 O 

aagccaaaat atttatttaa citatgaaaat tttittaacaa citaatttatt atggtaaata 12 O 
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at attgatat gigtaacttica agcacatgat aaaaattata actaactgca gaagtttact 18O 

gtct ctittga atc.ttgtggit tatat cattc tat catalaca aatacttgta gctaataagc 24 O 

caacgatgtt citcggttt ca tataatttga attittaaaat agtttittaaa tittaatattt 3OO 

atttcaaatt attattgtgg cta acatgtt at aacco cag taatatttgg agatgcaata 360 

cittatattta gcttgaaaat tittattgtat cagaacaagt ttgtagctat taagttagtt 42O 

tittgccacaa atttittataa ttgaa.gcaaa aatacctatt cagctacagt attttgtatic 48O 

gagtaatatt ttgttgactag aagattaata ttgctacagt aattt cagac gtgtggcaaa 54 O 

aact cataat tagctacaaa at attgtcgt agcaataatt ttittatat ct attaatccaa 6OO 

ttattgctac atgcttitt at aacttgaggc aaaaatat ct atttagctat aacatttitat 660 

taaaagtaat ttttgtggct ataaagttgt tattgctaca gtaatttcaa atgcgtggca 72 O 

aaaaaaatac gattagctac gaaattitt at tdtag caata aatttgtagc tatttgggta 78O 

at attgctac gacagttago: aattatagca aaaatgctaa attagctttgttaatttaat 84 O 

tttgtagcta aacttittitta tdaaattitta attitttgtgg ctattgatag g tattagcta 9 OO 

caattitt cat atatgtagct aagaatttgt agctatatat acataatgtt gtagt ggcaa. 96.O 

attctaac at tdtacgcttg gctg.cccttt ttttittggct acaaaactict aaagtaaagg 1 O2O 

aact agaaaa citcgtttggc gagagaaaga gagagagatg 1060 

<210 SEQ ID NO 8 
<211 LENGTH: 1087 
&212> TYPE: DNA 

<213> ORGANISM: Nicotiana Sylvestris 

<4 OO SEQUENCE: 8 

aatttattitt cqtaaaattt citctaattitt tdgacaaact cittatattgg ttttittaatc 6 O 

aaagccaaaa tatttattta act atgaaat tttgttgaac aactaattta t tatggtaaa 12 O 

taat attgat atggta actt caa.gcacatg acaaaaatta taactaact g cagaagttta 18O 

ctgtct ct ct gaatcttgtg gctatat cat tctatataac aaatacttgt agctaataag 24 O 

c caacgatgt tot cqgttt catata atttgaattittaaaa tagtttittaa atttaatatt 3OO 

tatttcaaat cattattgtg gctagoatgt tataaccoca gtaat atttg gagatgcaat 360 

actitat attt agctacaaaa ttittattgta t cagaataag tttgtaact a ttaagttagt 42O 

ttittgccaca aatttittata attgaagcaa aaatacct at t cago tacga tattttgtat 48O 

cgagtaat at tttgttgacta gaagattaat attgctagag taattt Caga C9tgtggcaa. 54 O 

aaact cataa ttagctacaa aatattgtcg tag caataat tdtttatatic tattaatcca 6OO 

attattgcta tatgcttitta taacttgagg caaaaatatt tatttagcta taacattttg 660 

ttagaagtaa tttttgttggc tataaagttgttattgctac gigtaattitca aatgcgtggc 72 O 

aaacaaatac gattagctac gaaattitt at tdtag caata aatttgtagc tatttgggta 78O 

at attgctac gacagttago: aattatagca aaaatgctaa attagctttgtcaatttaat 84 O 

tttittagcta aattitttitta taaaattgta aatagocatgaaattittaat ttttgtggct 9 OO 

attgttaggt attagccaca attitt catat atgitatic taa gaatttgtag ctatatatac 96.O 

ataatgttgt agtggcaaat t citaa cattg taagcttagc tigc cctttitt tttitttittitt 1 O2O 

tittggctaca aaactictaaa gtaaaggaac tagaaaactic gtttggc gag agaaagaggg 108 O 
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atccatg 1087 

<210 SEQ ID NO 9 
<211 LENGTH: 630 
&212> TYPE: DNA 

<213> ORGANISM: artificial sequence 
&220s FEATURE: 

<223> OTHER INFORMATION: an enhancer of the 35S promoter 

<4 OO SEQUENCE: 9 

tacagt ct ca galagaccalaa gggct attga gacttittcaa caaagggitaa tat ciggaaa 6 O 

cctic ct cqga t t c cattgcc cagctatotg toactitcatc aaaaggacag tagaaaagga 12 O 

aggtggcacc tacaaatgcc at cattgcga taaaggaaag gct at cott C aagatgcct c 18O 

tgc.cga-cagt ggtc.ccaaag atggaccc.cc acccacgagg agcatcgtgg aaaaagaaga 24 O 

cgttccalacc acgt.cttcaa agcaa.gtgga ttgatgtgaa catggtggag cacga cactic 3OO 

tcqtct actic caagaatat c aaagatacag tot cagaaga ccaaagggct attgagacitt 360 

ttcaacaaag gigtaatat cq ggaaacct co toggatt coa ttgcc cagot atctgtcact 42O 

t catcaaaag gacagtagaa aaggalaggtg gCacctacaa atgc.cat cat tdgataaag 48O 

gaaaggct at C9ttcaagat gcctctgc.cg acagtggtcc caaagatgga CCC ccaccca 54 O 

cgaggagcat cqtggaaaaa galagacgttc Caaccacgt.c ttcaaagcaa gtggattgat 6OO 

gtgat atcto cactgacgta agggatgacg 63 O 

1-34. (canceled) 
35. A transgenic seed or plant having glandular trichomes 

comprising an expression cassette containing a polynucle 
otide sequence encoding a heterologous terpene synthase 
enabling the synthesis of a terpene of interest under the con 
trol of a promoter enabling expression in the trichomes and in 
that the pathway for producing endogenous terpenes is 
blocked in the trichomes. 

36. The transgenic seed or plant according to claim 35, 
wherein the endogenous terpene production pathway is 
blocked by blocking the expression of endogenous terpene 
synthases. 

37. The transgenic seed or plant according to claim 35, 
wherein the expression of the terpene synthase is under the 
control of a trichome-specific promoter. 

38. The transgenic seed or plant according to claim 35, 
wherein said expression cassette comprises at least one 
enhancer sequence operably linked to the promoter. 

39. The transgenic seed or plant according to claim 35, 
further comprising a transgene encoding a terpene modifica 
tion enzyme. 

40. The transgenic seed or plant according to claim 35, 
wherein the plant is a plant from the Asteraceae, Canna 
baceae, Solanaceae or Lamiaceae family. 

41. The transgenic seed or plant according to claim 40, 
wherein the plant is from the Solanaceae family. 

42. A method for producing a terpene of interest in a plant 
having glandular trichomes comprising: 

a) introducing into a cell of said plant a construct contain 
ing an expression cassette comprising a polynucleotide 
sequence encoding a heterologous terpene synthase 

enabling the synthesis of said terpene of interest under 
the control of a promoter enabling an expression in 
trichomes; 

b) reconstituting a plant from said cell and selecting trans 
genic plants expressing said terpene synthase; and 

c) recovering the terpene of interest contained in the tri 
chomes of said transgenic plants. 

43. The method according to claim 42, wherein the expres 
sion of the terpene synthase is under the control of a trichome 
specific promoter. 

44. The method according to claim 42, wherein said 
expression cassette comprises at least one enhancer sequence 
operably linked to the promoter. 

45. The method according to claim 42, wherein the recov 
ery of the terpene of interest contained in the trichomes of said 
transgenic plants is carried out by recovering the terpene of 
interest contained in the exudate of the trichomes. 

46. The method according to claim 42, further comprising 
blocking the pathway for producing endogenous terpenes in 
the trichomes. 

47. The method according to claim 46, wherein the endog 
enous terpene production pathway is blocked by blocking the 
expression of endogenous terpene synthases. 

48. The method according to claim 46, wherein the trans 
genic plant selected in b) is crossed with a transgenic plant in 
which the pathway for producing endogenous terpenes is 
blocked in the trichomes. 

49. The method according to claim 42, wherein said het 
erologous terpene synthase is a diterpene synthase. 

50. The method according to claim 49, wherein said diter 
pene synthase is taxadiene synthase or casbene synthase. 
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51. The method according to claim 42, wherein said het 
erologous terpene synthase is a monoterpene synthase and the 
construct additionally comprises a polynucleotide sequence 
encoding a geranylpyrophosphate synthase under the control 
of a promoter enabling it to be expressed in the trichomes. 

52. The method according to claim 42, wherein said het 
erologous terpene synthase is a sesquiterpene synthase and 
the construct additionally comprises a polynucleotide 
sequence encoding a farnesylpyrophosphate synthase under 
the control of a promoter enabling it to be expressed in the 
trichomes. 

53. The method according to claim 42, wherein said het 
erologous terpene synthase is a triterpene synthase and the 
construct additionally comprises polynucleotide sequences 
encoding a farnesylpyrophosphate synthase, a squalene Syn 
thase and a squalene epoxidase under the control of a pro 
moter enabling them to be expressed in the trichomes. 

54. The method according to claim 42, wherein the plant is 
a plant from the Asteraceae, Cannabaceae, Solanaceae or 
Lamiaceae family. 

55. The method according to claim 54, wherein the plant is 
from the Solanaceae family. 

56. The method according to claim 42, further comprising 
introducing into the cell of said planta transgene coding for a 
terpene modification enzyme. 

57. A method for recovering heterologous terpenes in the 
exudate of the trichomes of a plant, comprising a) harvesting 
the aerial parts of the plant; b) incubating said aerial parts in 
an apolar or low polarity solvent; and c) eliminating the 
solvent. 
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58. A method for transforming a plant cell comprising 
contacting a bacterium enabling DNA transfer into plant cells 
with a cell of a plant in which the pathway for producing a 
compound having antibiotic activity at the leaf Surface is 
blocked. 

59. The method according to claim 58, further comprising 
selecting plants having integrated the transgene in their 
genome. 

60. The method according to claim 58, in which the com 
pound having antibiotic activity is a terpene, preferably a 
diterpene. 

61. The method according to claim 59, in which the com 
pound having antibiotic activity is a terpene, preferably a 
diterpene. 

62. The method according to claim 61, in which the com 
pound having antibiotic activity is CBT-diol. 

63. The method according to claim 60, in which the path 
way for producing a compound having antibiotic activity at 
the leaf surface is blocked by blocking the expression of 
endogenous terpene synthases in the trichomes. 

64. The method according to claim 58, wherein the plant is 
a plant from the Asteraceae, Cannabaceae, Solanaceae or 
Lamiaceae family. 

65. The method according to claim 58, in which the plant is 
selected in the group consisting of tomato, tobacco, Sunflower 
and potato. 

66. The method according to claim 58, wherein the bacte 
rium enabling DNA transfer into plant cells belongs to the 
genus Agrobacterium, in particular Agrobacterium tumefa 
ciens, Rhizobium, Sinorhizobium, or Mesorhizobium. 

c c c c c 


